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Gu, Zhiying. Ph.D., Purdue University, August 2015. How Substitutable Are Foreign 
Varieties: Estimation and Application. Major Professor: David Hummels. 
This dissertation consists of two essays. The first essay examines the manner in which 
product quality relates to product substitutability. The second essay builds on the insight 
from the first essay and applies the estimation framework from the first essay to study the 
impact of the surge in Chinese exports to the U.S. on developed countries. 
 
In the trade literature, researchers characterize product substitutability using own-price 
elasticities of demand. Cross-price elasticities are largely neglected due to the reliance on 
the CES demand structure, but this provides an incomplete picture of patterns of 
competition in the global market. To address this issue, I estimate cross price elasticities 
of import demand using a modified version of homothetic trans-log demand, and use 
freight rates as an instrumental variable for price changes. To estimate a feasible number 
of demand parameters, I classify countries into three groups based on income, and 
impose common parameters governing own and cross-price elasticities within each 
group. I find that cross-price elasticities are larger within an income-group than between 








 differentiation. In addition, own-price elasticities vary with income levels as well. They 
are the largest in magnitude for low-income countries reflecting a greater overall 
substitutability for low-income countries’ products. 
 
The second essay is an application of the methodology in the first essay. In this essay, I 
analyze the impact of the Chinese export growth on developed countries. To achieve this 
goal, I estimate product cross-price elasticities between China and high-income countries 
employing a trans-log demand system. Unlike the literature, this paper allows both 
product substitutes and complements by classifying disaggregated products into 
consumption, intermediate and capital goods. I find that Chinese consumption goods 
become closer substitutes to developed nations’ consumption goods after China’s 
accession to the WTO. This implies that Chinese trade liberalization has an adverse 
impact on high-income countries. However, the results also show that Chinese products 
have become more complementary to other nations’ intermediate and capital goods. This 
complementarity partially offsets the aforementioned adverse impact on developed 








CHAPTER 1.  HOW SUBSTITUTABLE ARE FOREIGN VARIETIES? 
ESTIMATING CROSS-PRICE ELASTICITIES IN INTERNATIONAL 
TRADE 
1.1 Introduction 
A fall in the price of an exporter’s goods raises the quantity of its goods sold (the own-
price effect), and lowers the quantities sold by competitor nations (the cross-price effect).  
Most academic researches on price elasticities focus on the own-price effect, relying 
heavily on constant elasticity of substitution (CES) preferences for tractability.1  In 
standard modeling treatments, the magnitude of the own-price effect is the primary 
determinant of how much policy changes influence trade, and is therefore critical for 
calculating the welfare gains from trade (Arkolakis et. al. (2012)2 and (2013)).  
 
These treatments generally assume away cross-price effects, which, if non-negligible, can 
alter welfare calculations. The strength of the cross-price effect is also critical for 
understanding a number of other important issues. For example, accurate estimates of
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  This line of work includes	  Feenstra (1994), Broda & Weinstein (2006) and Soderbery (2014).	  
2 Arkolakis et. al. (2012) show that regardless of model setup, a wide variety of trade models link trade 
elasticities and welfare in the same manner. In these models, the percentage change in real income  𝑊 can 









cross-price effects are essential in assessing the competitive interactions in pricing 
(including tariff policies) among exporters in differentiated product industries. The 
magnitude of the reaction depends on product similarities, which are reflected by cross-
price effects. This competitive interaction is central to analyzing policy matters such as 
the responses of countries outside a preferential trade agreements,3  and normative 
questions such as the third country impact of rapid export growth in countries like China.   
 
The objective of this paper is to provide a richer description of product space for 
internationally traded goods by estimating cross-price elasticities that may vary with 
product characteristics. In order to properly estimate cross-price effects, I employ a trans-
log demand system that departs from the CES demand structure commonly used in the 
trade literature.  
 
The disadvantage of the CES demand structure is that it restricts the cross-price effects to 
depend only on a competitor’s market share and the common elasticity of substitution. As 
a result, a price shock for any one country has the same impact on every other country. 4  
This is highly restrictive because it assumes that all products are equally distant in variety 
space regardless of features or qualities. Consider a simple counter-example in which the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  Schiff and Winters (2003) summarize the empirical literature on trade diversion in RTAs. In general, the 
observed trade diversion tends to be small, due to endogenous tariff changes in response to offset trade 
diversion effect.	  
4	  Atkeson and Burstein (2008) study incomplete pass through with a nested CES structure and assume a 
small number of firms in each sector. In that paper, markup up adjusts when there is a shock to a 
competitor’s producer price, which is the mechanism for incomplete pass through. However, the 








price of Vietnamese shoes drops. A CES demand structure implies that the price drop 
would lead to the same percentage change in US imports of shoes from both China and 
Italy. However, Italy exports many luxurious shoe brands that are hand-made, while 
shoes from Vietnam and China are often times labeled as “price competitive”, indicating 
low quality. That is, Vietnamese shoes are closer substitutes for Chinese shoes than for 
Italian shoes. This point is heavily emphasized in the IO literature. For example, Berry et. 
al. (1995) argue that pairs of goods with more similar characteristics should have higher 
cross-price elasticities than those which are less similar.  
 
The trans-log demand function5 is considerably more flexible than the CES demand 
function since it allows for substitutability across goods to vary depending on the 
countries in question. The more substitutable two countries’ products are, the larger are 
their cross-price elasticities. The trans-log demand function also allows own-price 
elasticties to vary along two dimensions: income and market share.  
 
There are two difficulties associated with estimating a trans-log demand. The first 
problem is that a completely unrestricted demand system implies a very large number of 
parameters.  For example, with N countries, there are a total of N own-price elasticities 
and N(N-1)/2 cross-price elasticities. This becomes challenging to estimate and even 
more challenging to present. Thus, I group countries by income categories (low, middle 
and high) and assume that all of the countries in a given income group have common 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  Bergin and Feenstra (2001) introduced the trans-log demand system into trade literature to study the 








own-price and cross-price parameters. This grouping convention reflects recent advances 
in the trade literature on quality differentiation, which documents a positive relationship 
between a country’s income and the quality of its products (e.g. Schott (2004), Hummels 
and Klenow (2005), Hallak and Schott (2011)). Countries with similar income levels tend 
to have similar quality products, and thus greater substitutability and cross-price 
elasticities. By using this grouping convention, only 3 parameters determining own-price 
elasticities and 6 parameters governing cross-price elasticities are estimated.   
 
The second difficulty in estimating a trans-log demand is the endogeneity of quantities 
and prices in estimating the demand curve. The literature on import demand estimation 
features two approaches to dealing with price endogeneity.  In the CES context, authors 
frequently employ Feenstra’s (1994) technique in which supply and demand elasticities 
are simultaneously identified without instruments (see Broda and Weinstein (2006), 
Feenstra and Weinstein (2010) and Soderbery (2014)). The identification in Feenstra 
(1994) employs the heteroscedasticity in price and quantity time series. However, it also 
requires the assumption that elasticities are identical across countries, which is contrary 
to the goal of this paper.6 Thus, I follow Khandelwal (2010) in using shipping costs as an 
instrument for prices.   
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 It also assumes that shocks to supply and demand are uncorrelated, which is problematic if exporters have 








Using the modified trans-log demand system I calculate own-and cross-price elasticities, 
which depend on the aforementioned estimated parameters as well as both own- and 
competitor-market shares. I find four key results. 
 
First, cross-price elasticities are larger for countries within a given income group. This is 
driven by the patterns in the estimated parameters and not by differences in markets 
shares, implying that countries with similar income levels produce closer substitutes. I 
also conduct a placebo test in which countries are assigned randomly into one of three 
groups. This test does not yield any clear-cut pattern in estimates, which suggests that the 
sensible choice of country grouping is the key in finding the meaningful patterns of 
substitutability. 
 
Second, I show that cross-price effects are non-negligible in magnitude compared to 
own-price effects. For example, a 1% decrease in the U.K. price and a 0.88% increase in 
the Italian price for electronic devices will lead to the same change in the quantity sold by 
the U.K. 
 
Third, the importance of cross-price effects varies across industries.  The aforementioned 
patterns are most pronounced in the textile industry in which most products are 
differentiated according to Rauch’s (1999) classification. On the contrary, cross-price 
effects do not show any pattern when I compare estimates within and cross-income 









Fourth, I find that own price elasticities are not homogeneous across countries. The 
average own-price elasticity of demand is smallest in magnitude for middle-income 
countries, and the largest for low-income countries. Similar to cross-price effects, this 
pattern is mainly determined by the parameter estimates dictating own-price elasticities 
and not the market shares.  
 
This paper contributes to four bodies of literature, including: estimation of import 
demand elasticities, quality differentiation in trade, pro-competitive effects of 
globalization, and the trade creating/diverting effects of preferential trade agreements. 
 
The CES demand structure features constant own-price elasticities. A number of papers 
(Kee et. al (2008), Feenstra and Weinstein (2010) and Novy (2013)) use trans-log 
demand structures to estimate varying own-price effects. These papers assume a common 
own-price parameter for all countries, so that own-price elasticities vary only because of 
differences in market shares, and they handle cross-price effects as nuisance terms. For 
example, in Feenstra & Weintein (2010) and Novy (2013), the cross terms are collected 
into a price index, which is differenced out through fixed effects rather than estimated. 
Kee et. al. (2008) restrict cross-price effects to be the same as own-price effects in 
magnitude but with opposite signs. By contrast, in terms of estimating own-price 








across country groups. Additionally, I estimate cross-price elasticities explicitly, allowing 
for differences within and across country groups.   
 
Early efforts in estimating cross-price effects in an import demand context include 
Grossman (1982) and Krishna (2003). However, this paper differs from them in terms of 
its estimation strategy and results. Unlike this paper, Grossman (1982) focuses on the 
cross-price effect comparisons between the U.S. and developing as well as developed 
countries, not the comparison between within and across income group cross-price 
elasticities. The results in this paper resonate with the insight from Grossman (1982) that 
low-income countries produce lower quality products. However, Grossman (1982) 
employs a log-log demand system that features both fixed own-price and cross-price 
elasticities. Thus there is no markup adjustment in the face of competition as discussed in 
Feenstra and Weintein (2010). In addition, Grossman (1982) only covers 11 products so 
it is difficult to generalize any conclusions. Krishna (2003) estimates cross-price 
elasticities using a Rotterdam demand system, but the author only estimates pairwise 
cross price elasticities. Thus it provides no insight about differences in the patterns of 
substitutability for countries in the different income groups.7  
 
Recent literature addresses the importance of quality differentiation in trade. A key focus 
is identifying the extent of quality differentiation as revealed by prices (Schott (2004), 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 Rousslang and Parker (1984) take a completely different approach in finding cross-price elasticities in 









Verhoogen & Kugler (2012), Manova & Zhang (2012), Hallak & Sivadasan (2013)), or 
prices and market shares in combination (Hummels & Klenow (2005), Khandewal (2010), 
Hallak & Schott (2011)). While this literature acknowledges a richer description of 
product differentiation, it generally does not explore the implications of quality variation 
in terms of which suppliers provide close or distant substitutes. I build on this literature 
by using income-based country groupings, and I extend it by allowing for differential 
demand responses to price changes across these groupings.8  
 
Another related body of literature focuses on the pro-competitive effect of global 
competition (e.g. Chang and Winters (2002), Feenstra and Weinstein (2010) and 
Arkolakis et. al. (2013))9. Feenstra and Weinstein (2010) argue that under trans-log 
demand, exporters lower markups when market shares shrink. In that paper, the 
substitutability matrix governing the cross-price effects is completely determined by a 
single parameter. The single parameter approach restricts researchers from understanding 
how markup adjustments might differ across multiple sources of competition. In contrast, 
this paper implies that exporters have more incentive to adjust markups when the 
competition comes from countries with similar income levels.  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 Khandelwal (2010) looks at the substitutability indirectly by estimating the quality ladders. Products with 
long distance on the quality ladders indicate higher degree of quality differentiation, thus are less 
substitutable. This paper provides a direct linkage between product substitutability and product quality. 
9 Winters and Change (2002) empirically investigate this pro-competitive effect using MERCOSUR trade 
agreement as a case study and show the prices of outsiders become lower after MERCOSUR. Feenstra and 
Weinstein (2010) decompose the gains from trade to gains from variety and pro-competitive effect using 








Finally, this paper relates to the literature studying the impact of free-trade agreements 
(FTA). Baldwin (2010) argues that the trade diversion effects of FTAs lead non-member 
countries to actively seek new FTA partnerships.10 The estimates in this paper imply 
heterogeneity in outsiders’ responses to FTAs that has not been investigated. 
 
This paper proceeds as follows. I detail the empirical strategy in section II. Section III 
compares CES demand systems to trans-log demand systems. Section IV provides details 
about the underlying data and section V reports the results. Section VI summarizes my 
conclusions. 
 
1.2 Trans-log Demand System and Empirical Strategy 
1.2.1 Trans-log Demand 
The demand for imports is derived from a three-step budgeting process. First, the 
importer decides how much to spend on each product 𝑘  based on Cobb-Douglas utility: 
𝑈 = 𝑈!
!! …𝑈!
!!;               𝛼! +⋯+ 𝛼! = 1 








                          𝜇!! + 𝜇!! = 1 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 Baldwin (2012) develops a model that provides mechanism of the “domino effect”. FTA grants 
preferential treatment to member countries thus non-member countries lose market share. In order to 
alleviate the costs brought by FTA, non-members would actively seek new FTA partnership to create more 








in which 𝑓 denotes foreign and 𝑑 denotes domestic. The Cobb-Douglas structure has a 
separable functional form so that we can focus our attention on the substitutability 
patterns in the imported composite, instead of foreign-domestic substitution. This 
assumption is made due to data limitations.11  
 
The last step of budgeting relates to the allocation of expenditures on product 𝑘 across 
importing sources. I define imported varieties using the Armington assumption of 
national product differentiation. 12  The import demand equation is derived from a 
homothetic13  Trans-log expenditure function. It is a second-order (locally) flexible 
demand system and can be twice differentiable:  












I use U.S. import data so 𝑝! and 𝑝!   are the U.S. cost, insurance, and freight (c.i.f.) import 
prices of origin countries 𝑖 and 𝑗. Taking the derivative with respect to log𝑝!!, we get the 
import demand equation:  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	  Estimating the domestic and foreign substitutability requires information on the domestic consumption 
and prices, which is not available at a disaggregated level. The secondary difficulty in estimating domestic-
foreign cross-price effects is the lack of data on domestic market shares. Estimation can still be performed 
if this is the only data that is not available as we can drop domestic market share equation thanks to adding 
up constraint. However, the main difficulty in estimation is lack of data on the domestic prices, which are 
needed in every market share equation. 
12 The Armington assumption assumes each country exports a distinct variety of a narrowly define product. 
As a result, the estimation explores the substitutability among varieties for a given product, not the 
substitutability across products. 
13 Homothetic Trans-log is one special functional form in Trans-log family. I do not employ non-
homothetic Trans-log in this paper because it would impose extra estimation burden in identifying income 
effect. This is also the reason I choose homothetic Trans-log demand over almost ideal demand system. We 
may worry that when U.S. per-capita GDP becomes higher, consumers would shift from low quality 
products to high quality products, inducing non-unitary income elasticity. However, this might be less of 
the concern for a developed country than this is for an emerging country like China over a relatively short 








𝑠!"! = 𝛽!! + 𝛾!!! log𝑝!"! + 𝛾!"! log(𝑝!"! )
!!!
                            (1) 
in which 𝑠!"!  is country 𝑖’s market share in the U.S. of product 𝑘 at year 𝑡 and  𝑝!"!   is the 
price of variety 𝑖 (originated from country 𝑖 ) at time 𝑡. 𝛾!!! determines the intercept and 
slope of the demand curve, and thus own-price elasticity (OPE hereafter), while 𝛾!"!  
governs cross-price elasticities (CPE hereafter).14 Figure A.1 plots the demand curve with 
different parameterizations of 𝛾!!! when holding 𝛽!! and all the cross-price terms constant. 
It shows that a larger 𝛾!!! in magnitude suggests a lower “choke” price and a flatter slope 
of inverse demand, meaning that a product is more substitutable. 
 
A proper demand system implies restrictions on the parameters of Equation (1). We take 
these in three sets: 
                                          𝛽!! = 1                 𝛾!"! = 0!!         (2𝑎);          
𝛾!"! = 0!                                                                2𝑏 ; 
𝛾!"! = 𝛾!"!                                                                       (2𝑐); 
Equation (a), (b) and (c) impose adding-up, homogeneity, and symmetry constraints 
respectively.  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14 Actually both 𝛽!! and 𝛾!!! have impact on the intercept and slope of Trans-log demand. However, 𝛽!! has 
no impact on the own-price and cross-price elasticities. Thus it does not contain much information on the 
substitutability pattern across varieties, which is the focus of this paper. Therefore, I do not discuss the role 








Differentiating equation (1) with respect to prices, we obtain cross and own-price 




− 𝛿!"                   (3) 
𝜖!"!  is the elasticity of import demand from country 𝑖  with respect to a change in the price 
of country 𝑗. 𝛿!"   is 1 when 𝑖 = 𝑗   and 0 otherwise. Own price elasticity 𝜖!!  ! (cross-price 
elasticity 𝜖!"! ) measures the response of quantity sold by country 𝑖 to a 1% changes in 𝑝!! 
(𝑝!!). We see that own (cross)-price elasticities are positively related to 𝛾!"!  and negatively 
correlated with an exporter’s own market share. Analogous to linear demand, the 
magnitudes of own price elasticities vary along the demand curve. Both parameter 𝛾!!! and 
own market share 𝑠!! affect the size of the own price effect. The former governs the slope 
of the demand curve and the latter is the factor identifying the position on the demand 
curve. 
 
1.2.2 Empirical Strategy 
Estimating demand equation (1) with complete flexibility is infeasible since there is a 
substantially large number of parameters (𝑁  own-price parameters and 𝑁(𝑁 − 1)/2 
cross-price parameters imposing symmetry) to be estimated for each product 𝑘. This can 
easily exhaust the available degrees of freedom or introduce serious collinearity problems. 
To reduce the number of parameters and to some extent maintain flexibility, I group 








price elasticities are the same for countries within the group but can differ across groups. 
This raises the question about the proper construction of country groups. I classify 
countries by income levels drawing on the literature on quality differentiation (Hummels 
and Klenow (2005), Schott (2004), Khandelwal (2010), Hallak and Schott (2011)) which 
shows that product quality systematically co-varies with an exporter’s income. To be 
more specific, suppose country 𝑖 is a low-income country, 𝛾!"!  and 𝛾!"! will be the same if 𝑗 
and 𝑙 are both in the low-income group, which I refer to as 𝛾!!!  later on. The same 
treatments are made to other cross-price parameters. If consumers view two goods of 
similar quality as closer substitutes than goods of dissimilar quality, this should be 
reflected by differences in the parameter estimates across income groups.  
 
There are other ways that we can group elasticities. To name a few, we can classify 
countries by size (GDP) and regions. The regression results show that among these 
choices of country groupings, only grouping by income (quality) yields interesting 
patterns of substitutability. I also conduct a placebo test in which countries are assigned 
into groups randomly. No clear-cut patterns of substitution stand out. As a result, we can 
be confident about the choice of grouping. 
 
One drawback of this grouping restriction is that it forces the percentage change in the 
prices of a small origin country like Nepal and a large country like India, to have the 
same impact on U.S. imports from a third country. This concern does not arise if we 








reflected in the parameter estimates. To address this problem, I incorporate the impact of 
exporters’ sizes by assigning weights to each competing exporter using market shares. 
Intuitively, an exporter with a dominant market share for product 𝑘 will exert a larger 
impact on other countries. In addition, the estimation with country grouping is essentially 
equivalent to regressing market shares on own prices and price indices of three groups of 
countries. Therefore, it is plausible to give large countries more weights in creating price 
indices. 
 
Even though elasticities are grouped by income, I do not aggregate the dependent 
variable into group market shares. The estimation with aggregation offers the elasticities 
across income groups. However, it leaves the within group cross-price elasticities 
impossible to be estimated. This is not desirable since the goal of this paper is to explore 
different substitution patterns for countries that similar and dissimilar. To be more 
specific, by dividing countries into 3 groups, high (H), middle (M) and low (L) income, 
the regression equation becomes:15 
𝑠!"! = 𝛽!! +
𝛾!! log𝑝!"! + 𝑙,      𝑓𝑜𝑟    𝑖 ∈ 𝐿
𝛾!! log𝑝!"! +𝑚  𝑓𝑜𝑟    𝑖 ∈ 𝑀
𝛾!! log𝑝!"! + ℎ, 𝑓𝑜𝑟  𝑖 ∈ 𝐻
 
where 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15 Diewert and wales (1988) designed a semi-flexible functional form to specifically reduce the number of 
parameters in the Trans-log models. Their methodology restricts the substitution matrix less than full rank, 
and is employed in Kee et al. (2008). The semi-flexible structure works well when the number of products 














+ 𝛾!"! 𝑤! log𝑝!!!
!∈!
,      𝑖 ∈ 𝐿
𝑚 = 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!!! 𝑤! log𝑝!"!
!∈!,!!!
+ 𝛾!"! 𝑤! log𝑝!!! ,
!∈!
  𝑖 ∈ 𝑀
ℎ = 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!!! 𝑤! log𝑝!!!
!∈!,!!!
, 𝑖 ∈ 𝐻
 
𝑤 is the weight assigned to a competing exporter. The weight 𝑤 is the import market 






 (i.e. 𝑠!!) at the base year 1990.16 𝛾!, 𝛾! and 𝛾! are 
the parameters governing the own-price elasticities of low, middle and high-income 
countries. 𝛾!"   is the parameter associated with cross-price elasticities between varieties 
of goods produced by low and middle-income countries. This way, I only need to identify 
own- and cross-price coefficients for each group instead of each country, which 
simplifies the estimation to a system of 3 own- and 6 cross-price parameters.  
 
An alternative approach is to classify countries by product prices to reflect quality 
differences across groups. This approach is not appropriate in this context. First, the 
literature’s mapping of prices or market shares into quality is valid under particular 
demand and market structures that are different from the one used here.17  Second, prices 
use notoriously noisy unit values as a proxy so that with rank orderings of prices 
changing more frequently than incomes. This makes it difficult to impose consistent 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
16 There is a different way of weighing prices that is commonly used in the literature. Kee et. al. (2008) use 






 at the base 
year. This weight is problematic when we interpret cross-price elasticites (details in appendix B) 
17 Khandelwal (2010) and Hallak and Schott (2011) linked quality with price and market share. Khandelwal 








country groupings over time. Using national incomes gives me stable and exogenous 
country groups. 
 
For any product 𝑘, the above grouping satisfies the symmetry constraint of demand. 
When it is estimated, one country is dropped from a given ten-digit HS product code to 
ensure the adding-up constraint is fulfilled. However, the homogeneity constraint is not 
imposed in order for the estimation to be carried out.18 
 
I conjecture that coefficients governing within-group cross-price elasticities are larger 
than those governing cross-group elasticities. The reason is that countries with similar 
income levels produce varieties of goods with similar quality, which makes them more 
substitutable.   
 
Notice that with the weights taken into consideration, we cannot simply calculate cross-
price elasticities using equation (3). Instead, cross-price elasticities for imports from 
country 𝑖 with respect to a change in the price of country 𝑗 should be calculated using the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
18 Homogeneity constraint requires that  







However, I run the regression pooling all the HS ten-digit products under the same HS two-digit product. 
The shares 𝑠!, 𝑠! and 𝑠! vary across HS ten-digit products so that there is no general linear regression 
constraint that I can impose to make the homogeneity constraint hold for every observation under the same 
HS2 digit code. 
The homogeneity constraint also links the cross-price effects and own-price effects. Though I do not 
impose the homogeneity constraint, I do find in the data that the summation of all the cross-price effects is 








parameter estimate multiplied by the share of country 𝑗 and then divided by share of 𝑖, 




∗ 𝑠!!                           (4) 
In the equation, 𝛾!"!  captures the intrinsic product substitutability’s impact on the cross-
price elasticity. Note that 𝛾!"!  is 𝛾!!!  if both 𝑖  and 𝑗  are low-income countries due to 
grouping. We can immediately see that the cross-price elasticity between 𝑖  and 𝑗 is 
positively correlated with the competitor’s market share 𝑠!! and negatively correlated 
with the exporter’s own market share 𝑠!!. As a result, even though I impose symmetry on 
the estimation parameters, i.e., 𝛾!"! = 𝛾!"!, it is possible to get asymmetric elasticities due 
to differences in market shares. 
 
1.2.3 Endogeneity 
Obtaining consistent estimates of price effects may be problematic for two reasons. The 
first reason is that product prices are endogenous. As long as the supply of a country is 
not perfectly elastic, the error term is positively correlated with a country’s own-price, 
which causes upward bias in the estimates. Cross-price terms can also be correlated with 
the error terms. For example, a lower price for country 1 will decrease the market share 
of country 2, which in turn leads to a lower price for country 2. Thus, the error term and 








error in unit values, which are used as proxies for prices in the estimation. This 
measurement error problem will cause attenuation bias.  
 
I address endogeneity issues through an instrumental variable approach related to 
Khandelwal (2010). The U.S. merchandise data contains information on freight charges 
and freight weights for every product 𝑘 from country 𝑖 in year 𝑡, from which I calculate 
freight rate 𝑓 to be employed as an instrument for prices. The freight rate is defined as:  
𝑓!"! =
𝑓𝑟𝑒𝑖𝑔𝑡_𝑐ℎ𝑎𝑟𝑔𝑒!"
!     
𝑓𝑟𝑒𝑖𝑔ℎ𝑡_𝑤𝑒𝑖𝑔ℎ𝑡!"!
 
which varies across country, product and time.19 
 
It is obvious that the instrument is correlated with delivered prices which incorporates 











𝐼𝑀!"! 𝑐𝑖𝑓  is the c.i.f. import value of product 𝑘  from country 𝑖 . The variations in 
transportation costs shift the supply curve so that we can trace out the demand curve. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
19 The most commonly used instrument is the wage of a country and the exchange rate. Exchange rate alone 
cannot serve as a valid instrument because it only has variation at the country level. Thus the predicted 
prices in the first stage would have no variation across products. When combined with freight rate, the 
coefficients on exchange rates in the first-stage regressions are not statistically significant. Wage rate 
suffers the same problem thus I choose shipping cost as the instrument for prices. 
20 Note that the 𝑓𝑟𝑒𝑖𝑔ℎ𝑡_𝑤𝑒𝑖𝑔ℎ𝑡 term is measured in kilograms while for quantities, most of time they are 








One concern is that freight rate, 𝑓, might be correlated with quantity shipped due to 
economies of scale or because exporters that trade higher quantities of goods will invest 
in better transportation infrastructure. If this is true, it might jeopardize the validity of the 
instrument. However, as Hummels et. al. (2009) show, these scale effects are 
characteristics of trade routes that are exporter specific and thus can be controlled using 
product×exporter fixed effects.21 Table 1.3 summarizes the results of regressing shipping 
rates on weights. The results confirm the insight from Hummels et. al. (2009). When we 
control for product×exporter fixed effects, shipping rates and weights are no longer 
correlated. Instead, we see the correlation between shipping rates and the exogenous 
variations in oil prices. The demand coefficients will then be identified with time series 
variations after controlling product and exporter fixed effects. 
 
Cross-price indices are also instrumented for using the corresponding weighted freight 
rate indices. Since the prices and the freight rates are positively correlated for any export 
by product combination, we could also expect the weighted averages for prices and 
freight rates to be correlated. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
21 The instrument is still valid if there is “Washington Apples” effect: distant countries may ship higher 
unobserved quality goods to lower per unit transport costs (Hummels and Skiba, 2004). The unobserved 
quality is captured by fixed effect so that error terms no longer contains quality component. Thus we do not 








1.3 Discussion: Comparison with CES 
In this section I discuss three key differences between the trans-log demand system I 
employ, previous uses of the trans-log, and the more commonly used CES demand 
system.   
 
With CES demand, own price elasticities are not contingent upon market share. With 
trans-log demand, there is a negative relationship between an exporter’s own-price 
elasticity and its market share. This relationship suggests a pro-competitive effect. As 
competition intensifies (the price of the competitor’s variety drops), an exporter’s market 
share drops. Consequently, the exporter’s own-price elasticity increases, triggering a 
reduction in markup. Feenstra and Weinstein (2010) discuss the markup adjustments 
triggered by competition under the trans-log demand in detail.  I do not repeat that 
discussion here, but it is useful to point out one major difference between the implication 
of estimates from this paper and those from Feenstra and Weinstein (2010). The trans-log 
demand estimated in this paper is more flexible than Feenstra and Weinstein (2010) so 
that it allows two exporters with identical shares but different income levels to respond to 
competition differently.  
 
Here I focus on the difference between a CES and a trans-log demand in terms of cross-
price elasticities and the patterns of substitutability among products. For simplicity, 
suppose that all of the countries are of the same size and have the same number of firms. 














where 𝑏!! can be considered as the quality parameter for country 𝑖 product 𝑘 and 𝜎! is the 
elasticity of substitution for product 𝑘. CES demand features a single parameter-elasticity 
of substitution that completely determines both own and cross-price elasticities. We can 









= 1− 𝜎! 𝑠!!                     (5) 
Compared with trans-log demand, even though cross-price elasticity under CES is 
positively correlated with a competitor’s market share, it is inflexible because equation (5) 
is not 𝑖 specific. To be more specific, the cross-price effects are unrelated to exporter 𝑖’s 
positioning and characteristics. The consequence is that the elasticity of substitution is a 
constant 1− 𝜎!  since log !!
!
!!




! . This implies that an identical 
percentage increase in the price of country 𝑖 and decrease in 𝑗 have the same impact on 
the relative market share of the two countries. Even though this restriction does not 
contaminate the estimation of own-price elasticity if own-price is properly 
instrumented,22 it restricts researchers from identifying an exporter’s main competitors. In 
contrast, the trans-log estimation in this paper enables us to investigate whether an 
exporter competes most with countries that have similar or dissimilar levels of income. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
22 I run regression excluding cross price effect but control endogeneity by product×exporter fixed effect 
and instrumenting own prices. The estimated own price elasticities have limited differences from the 
elasticities estimated with full set of cross price controls. This is sensible because fixed effect and 








This has important policy implications. For example, if we were to look at the potential 
trade diversion effect on non-members, Mexico and Canada, of the Transatlantic Trade 
and Investment Partnership (TTIP), a trans-log demand system with cross-price 
elasticities grouped by per-capita income allows TTIP to have different impacts on 
Canada and Mexico. 
 
Another difference between CES and trans-log demand is the impact of product quality 
on the slope of the demand curve. Under CES demand, product quality only shifts the 
intercept of the demand curve. However, quality is irrelevant for the slope of the demand 
curve, and thus has no impact on own-price elasticities. The evidence in the results 
section shows otherwise. The flexibility of the trans-log system gives rise to a linkage 
between quality and the slope of the demand curve, which might be useful in thinking 
about quality estimation.  In the literature of international trade, quality is estimated as 
the intercept of the demand curve like in Khandelwal (2010) and Feenstra and Romalis 
(2012). However, the CES specification would cause bias in quality estimation if the 
slope of the demand were linked to quality. Suppose high (low) quality products have a 
higher (lower) choke price and a smaller (larger) own-price elasticity, forcing the slope of 
demands for all products to be the same would lead to an upward bias in the intercept of 










The U.S. merchandise data record the value of all U.S. imports by exporting countries 
from 1990 to 2007 at the ten-digit HS product level. I refer to 10-digit codes as “products” 
and the same product originated from different countries are varieties.23 A useful feature 
of these trade data is the inclusion of vessel transportation value and weight, from which I 
can compute the freight rate 𝑓!"! defined in the previous section.  
 
The feasibility of estimation requires grouping countries by income levels,24 the data for 
which is available in the Penn World table. I classify countries as low, middle and high 
income by choosing income thresholds so that differences in per-capita income across 
groups reflect disparity in production technology of important players in the international 
market25 (details in Appendix C).   
 
Table 1.1 displays the summary statistics for the per-capita GDP of each group. The table 
indicates that per-capita real GDP of the middle-income group is closer to low income 
countries than to high- income countries.26  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
23 The import value includes shipping charges but not any duties (i.e., c.i.f. values).  
24 Countries can also be grouped by their capital-labor ratios. Schott (2004) shows that countries with high 
capital-labor ratios produce higher quality products. I run regressions by grouping countries using capital-
labor ratios, which does not alter the set of countries very much and the results still hold. Thus I only report 
the results when countries are grouped by per-capita GDP. 
25 I do not use World Bank’s country classification of income groups because it classifies countries into 5 
groups: low, lower middle, upper middle and high-income groups. The problem with that is the low-income 
countries in the World Bank’s classification are countries that are small and do not trade with US very 
often, resulting very small number of observations in the low-income group. Second, the middle-income 
countries defined by World Bank covers a very broad range of income levels so that it is hard to argue that 
middle-income countries under World Bank classification are similar in terms of production technology. 	  
26 In the main specification, China is characterized as a low-income country. The results I find when China 









Reductions in the number of parameters rely on empirical findings in the literature 
indicating a positive relationship between per-capita GDP and product quality. High-
income countries produce higher quality products, thus the unit values are larger for those 
countries. I regress log unit values27 on the dummies of income-groups with product fixed 
effects. Table 1.2 provides a snapshot of the results. The regressions show that average 
unit values fall as a country’s income ranking goes up.  
 
While in principle I could estimate the demand for each of the 10-digit products, my 
estimates would not be precise because often only a few countries export within a given 
10-digit HS code. In order to make sure that I have enough data to obtain precise 
estimates, I take advantage of the panel structure of the sample by pooling HS10 products 
under HS2 for estimation, which implicitly assumes that group-specific price coefficients 
are the same for every HS10 product within an HS2. Ten-digit HS product by country 
fixed effects capture any systematic shifts in the share equation that is specific to a given 
product-country combination. The pooling approach remains silent on heterogeneity 
across ten-digit products, but it does not restricts me from exploring heterogeneity in a 
different dimension: the heterogeneity in the patterns of substitutability across income 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
However, when China is in the middle-income group, the estimated within group cross-price effects for 
middle income countries become smaller, suggesting that product substitutability of China w.r.t. other 
middle-income countries is below the average of product substitutability among all the other middle-
income countries. 
27 The unit values used her e are the free on board (f.o.b.) unit values that is exclusive of the transportation 








groups. To be complete, I also run regression pooling at the 4-digit level as in Feenstra 
and Weinstein (2010). 
 
1.5 Empirical Results: 
1.5.1 First Stage Regression 
In the estimation specification, we have 9 endogenous variables: 3 own-prices (𝑝! ,𝑝! 
and 𝑝!) and 6 cross-price indices (𝑃!! ,𝑃!" ,𝑃!" ,𝑃!! ,𝑃!"   and 𝑃!!). For each of the 98 
HS 2-digit sectors, I pool all the HS 10-digit products within the same sector and run the 
first stage regressions including the full set of instruments constructed by freight rates 
(details about first-stage specification in Appendix D). In each case, the regression 
exploits variation within HS10 product×exporter combinations by including fixed effects.   
 
Table 1.4 reports the mean coefficients of all 98 first stage regressions. In the first three 
columns, the mean estimates of freight rates have predicted signs, and a 1 percent 
increase in the freight rate, will on average lead to a 0.25%, 0.27% and 0.27% change in 
the c.i.f. own prices for low, middle and high income countries. When the dependent 
variables are cross price indices, not surprisingly, mean coefficients of the corresponding 
freight rate indices are positive. The HS2 group is excluded in the second stage when the 
coefficient from the first stage is not significant since insignificant coefficient estimates 
of instruments in the first stage raises the concern of weak instrument. The remaining 








machinery and electronics. In appendix table A.3, I show that the first stage results for 
own-prices using both freight rate and air transportation cost as instruments. It shows that 
the mean coefficients of both freight rate and air transportation costs have their predicted 
signs. However, adding air transportation costs as instruments substantially reduce the 
sample size, and as a result, I choose to use only freight rates as instruments.28 
 
1.5.2 Own-price Elasticities 
The magnitudes of the OPEs are calculated using equation (3). Mean market shares over 
time are used in the calculation. Under the trans-log demand system, the parameters (𝛾!!, 
𝛾!! and 𝛾!!) governing own-price elasticities (OPEs) depend on product characteristics 
such as quality. The regression results support this argument. The upper panel of Figure 
1.1 displays the distribution of own-price elasticities for three income groups. The mean 
of own-price elasticities is smallest in magnitude for the middle-income group (mean -
2.003) and largest in magnitude for the low-income group (mean -5.22).  
 
Own price elasticity is a function of the parameter estimates and own market shares of 
the exporters. Both vary a lot across countries. The lower panel of Figure 1.1 shows the 
coefficients governing OPEs. I find that coefficients pertaining to own-price elasticities 
are positive with a mean of 0.00529 for middle-income countries, while coefficients for 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
28 I experimented with the specification employing both vessel and air transportation costs. The second 
stage results are intact. 
29	  Note that a positive coefficient is not equivalent to saying a positive own price elasticity. This is because 
elasticity is calculated as coefficient divided by share minus 1. The curvature of a proper demand requires 








high- and low-income countries are negative. The positive mean coefficient suggests a 
smaller average OPE in magnitude for the middle-income group. Comparing the low and 
high-income groups, low-income countries tend to have larger coefficients in magnitude. 
In addition, low-income countries have relatively smaller market shares than high-income 
countries (see Figure 1.2). This exacerbates the difference in the magnitudes of own-price 
elasticities between high- and low-income countries.  
 
Comparing the calculated own-price elasticties with previous literature, the estimates are 
larger in this paper than in Kee et. al. (2008) which finds a mean elasticity of -1.67 and 
median of -1.08 for all of the countries at the HS six-digit level when employing a trans-
log demand system. However, the magnitudes are smaller than Broda and Weinstein 
(2006), which finds the median own-price elasticites ranging from -3.6 to -3.0. The 
median elasticity in this paper is comparable to Soderbery (2013), which corrects the bias 
due to small sample size in Broda and Weinstein (2006) and finds a median OPE of 1.86 
for middle and high-income countries and a median elasticity of 1.83 for high-income 
countries. The difference between the results of this paper and the Kee et. al. (2008) 
might be explained by sample differences and the level of aggregation. 





! − 1 + 𝑠!!. As long as the share 𝑠!! is not too large, negative compensated own price elasticity can 








1.5.3 Cross-price Elasticities 
1.5.3.1 General Picture 
All of the cross-price elasticities are calculated using equation (4). The most immediately 
apparent observation from Figure 1.3 is that the mean CPEs within income groups in the 
diagonal figures are larger than those of cross-income groups in the off-diagonal pictures. 
The same percentage price change in a competing exporter will lead to a larger decrease 
in exports if the competing country is in the same income group. Note that under the CES 
demand structure, all of the pictures in the same row would look exactly the same. This 
highlights the main difference between trans-log and CES demand.  
 
Recall that the cross-price elasticity is a function of the market share of the exporter (𝑠!), 
the market share of the competitor (𝑠!) and the cross-price coefficient estimates (𝛾!"). 
Again, I explore how the pattern can be attributed to market shares and regression 
coefficients. The row comparison in 1.3 controls exporters’ own market share30 and as a 
result it plays no role in shaping the pattern above. Thus the pattern must be attributed to 
either variations in competitors’ market shares or regression coefficients across income 
groups.  
 
To get a clearer picture, I first investigate the patterns for cross-price coefficients in 
Figure 1.4, which abstracts from the impact of shares. Distributions of coefficients in the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
30 For example, if we were to compare the low-income country 𝑖’s cross price elasticities w.r.t low, middle- 
or high-income country 𝑗, what varies with within the same row are only market share of competitor (𝑠!) in 








diagonal pictures of Figure 1.4 inform us that within group 𝛾s have larger means (around 
0.4) than cross-group 𝛾s (around 0.1). Table A.4 in the appendix shows the F-statistics 
for testing the hypothesis of the equality between the within group 𝛾s and the cross-group 
𝛾s. The red numbers in the table indicate that within-group coefficients are significantly 
larger than cross-group coefficients. As we can see, most sectors show the pattern that 
within group varieties are more substitutable than cross-group varieties, except for 
relatively homogeneous sectors such as manufacturing, food, and minerals.   
 
I show the above pattern systematically in Figure 1.5 by plotting the difference between 
cross-group and within-group parameter estimates for each HS two-digit product, where a 
negative number means that the within group estimate is larger than the corresponding 
cross-groups estimate. The estimation results are consistent with quality specialization 
within products depending on income levels (Schott (2004)). Since the estimation 
implicitly assumes that product characteristics (i.e. quality) are correlated with countries’ 
income, the results resonate with the insight of Berry et. al (1995) that the cross-price 
elasticities depend not only on market share but product characteristics. Products with 
similar attributes would be more substitutable with each other, resulting in larger cross-
price effects. 
 
Figure 1.2 indicates that the high-income group tends to be populated with countries with 
larger market shares, while middle-income countries commonly have the smallest shares. 








affects the row comparison of cross-price elasticities in Figure 1.3. Focusing on the first 
row of Figure 1.4, the coefficient 𝛾!" is smaller than 𝛾!". Meanwhile, the smaller market 
share of middle-income relative to high-income countries makes the CPE differences 
even more pronounced than as suggested in Figure 1.4. A similar effect of market shares 
can be seen for high-income countries (row 3 of Figure 1.3 and 1.4). 
  
Comparing three diagonal pictures of Figure 1.3, it is evident from the distributions that 
the within group cross-price elasticities decrease as income rankings rise. The means of 
the within group cross-price elasticities are 1.82, 1.79 and 0.799 for low, middle and 
high-income groups respectively. This could be driven by two reasons (see equation (4)): 
(1) the relative import shares !!
!!
 for countries in the high income group are generally 
smaller; (2) the coefficient governing within group CPEs are smaller for high income 
countries. I calculate the 𝛾!! − 𝛾!! and 𝛾!! − 𝛾!! and plot the distributions of the two 
in Figure 1.6. We observe that 𝛾!!  often times are smaller than 𝛾!! while 𝛾!! are mostly 
larger than 𝛾!!. This means that countries in the middle-income group are most affected 
by countries with similar incomes. The pattern of within-group parameter estimates does 
not perfectly align with the distributional pattern of elasticities because of the role of the 









1.5.3.2 Placebo Test 
The evidence suggests that it is the sensible choice of country group that is essential in 
getting patterns of substitutability described in the previous section. If the results were 
driven by other estimation choices (such as the grouping technique itself, or the way the 
price indices of competing countries are created), we would still expect the pattern to 
emerge when the set of countries in each group changes. I show this formally by 
conducting a placebo test that assigns countries into groups randomly. The results of this 
test are shown in Figure 1.7. The message is that no clear pattern stands out from the 
placebo regression. In fact, repeating the random assignment several times shows no sign 
of clear-cut competition pattern. This reassures the conclusion that countries’ income 
levels are connected to their products’ substitutability.  
 
There are many ways that countries can be grouped together to reduce the number of 
parameters and I have grouped by per capita income following the insights of the 
literature on quality differentiation. Next, I experiment with two other ways of grouping: 
by regions and by GDP. 
 
It is possible that countries within the same region are more connected by foreign direct 
investment activities so that their products might be more substitutable. Figure 1.8 shows 
the distributions of cross-price coefficients when countries are grouped into five regions: 
the Americas, Europe, Asia, Africa and Oceania. In general, cross-price coefficients are 








Nevertheless, there is no discernible pattern regarding cross-price effects except that 
products from countries in Asia are more substitutable with each other (with a mean 
parameter estimates of 0.115). This is not surprising because every region is comprised of 
countries from across the income group spectrum. On the other hand, for Asian countries, 
most of them have small capital to labor ratios, indicating similarity in their product 
quality levels.  
 
Figure 1.9 illustrates the distributions of cross-price coefficients when countries are 
grouped by size (GDP). The rationale behind this way of grouping is that a country that is 
large in size in terms of GDP has capacity to fulfill the import demand that cannot be 
substituted. Figure 1.9 shows that large countries’ products tend to complement products 
exported from large countries, with mean cross-price parameter estimates of -0.101. No 
other pattern emerges.  
 
1.5.3.3 Sectoral Breakdown 
Table 1.5 summarizes the estimates for several important manufacturing sectors. The 
differential cross-price effects for competitors from within and cross-income groups 
appear in most industries. Two more patterns emerge from Table 1.5. First, these 
differential cross-price effects are most pronounced in the textile, apparel and electronics 
industries while they are least pronounced in the mineral industry. The evidence is 
consistent with Rauch’s (1999) classification of differentiated and homogeneous goods. 








with large portion of differentiated products while mineral sector consists large number 
of homogeneous products. The less differentiated a product is, the less differential cross-
price effects we would expect since there is not much scope for quality differentiation 
across income groups. At the same time, the substitutability of the textile and electronics 
industries is in general larger than in other industries. This suggests that firms in those 
sectors are more vulnerable to prices decreases of competitors.  
 
Second, it is evident that both low and middle-income countries’ products are much more 
substitutable with high-income countries’ products than with each other in electronics 
industry, the pattern that is distinct from other industries. One explanation of this result is 
that the electronics industry features a huge amount of processing trade, 31  which 
facilitates technology spillovers and quality improvements in developing countries 
according to Mayneris and Poncet (2013).  
 
1.5.3.4 Magnitudes 
Many trade models are focused on the welfare effects of own prices under a market 
structure of monopolistic competition that ignores cross-price effects (e.g. Feenstra and 
Weinstein (2010), Arkolakis et. al. (2013)) .32 However, as I show in table 1.7, cross 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
31 Koopman et. al (2013) constructed detailed data on global value chain and show that processing trade 
constitutes 90% of imports in the electronics industry. Moreover, China (low-income) and Mexico (middle 
income) are two major assembling locations in the world. 
32 Under monopolistic competition, the change in the expenditure (𝑑𝐸) obtained by totally differentiating 
expenditure can be written as 𝑑𝐸 = ∑𝑞!𝑑𝑝! by Shepard’s Lamma and zero cross-price effects. Here, the 









effects are far from negligible especially when the competing country is in the same 
income group. For this purpose, for every country 𝑖, I calculate 𝑎𝑏𝑠(𝜖!!/𝜖!"), which can 
be interpreted as the equivalent percentage increase in the cross-price that leads to the 
same quantity response as a 1% decrease in the own-price. Panel A of Table 1.7 reports 
the median and the 1st percentile for the distribution of 𝑎𝑏𝑠(!!!
!!"
). The table reveals that 
cases for strong cross-price effects are not uncommon. For example, a 1% decrease in the 
U.K. price and a 0.88% increase in the Italian price for electronics will lead to the same 
change in quantity sold by the U.K. In addition, I calculate the equivalent percentage 
increase in the competing country group’s price index to a 1% decrease in the own price. 
This calculation compares the magnitudes of the own-price effects with the group 
aggregate cross-price effects. The results in Panel B show that, on average, a 1% increase 
low-income (middle-income) exporter’s own-price is equivalent to the impact of 1.3% 
(0.98%) decrease in price index of low-income (high-income) competitors. For middle-
income countries, cross-price effects are relatively smaller than own price effects. It 
requires a 3.82% decrease in the price index of high-income competitors to generate the 
same change in market share as induced by a 1% increase in a nation’s own-price. The 
exact welfare estimation incorporating cross-price effects is beyond the scope of this 










Pooling all the ten-digits products within a given two-digit HS code might be restrictive 
because it imposes the assumption that the relevant parameters are identical across pooled 
products. Accordingly, I re-estimate by pooling products within 4-digit HS codes, 
obtaining 979 regressions. The tradeoff is that the number of observations declines 
substantially for each regression, so most of the regressions are not precisely estimated. I 
report the differential within and across group estimates governing cross-price elasticities 
in Appendix Figure A.2 for the textile and apparel industry where the estimates are 
largely significant. The conclusion that products of the same income-group are more 
substitutable than those of cross-groups remains intact. 
 
1.6 Conclusion 
This paper uses detailed product level U.S. import data to identify the own and cross-
price elasticities of imports. It estimates a modified trans-log demand system by grouping 
countries by per-capita GDP and assumes the parameters are the same for every country 
in the same group. This method effectively reduces the dimension of the parameter space 
while maintaining flexibility in investigating how cross-price elasticties vary with 
product quality. It identifies the demand elasticities exploiting variation in prices within a 
product×country pair with a fixed effects model, using freight rates as instruments for 
unit values. Cross-price elasticities vary substantially even when abstracting from the 
market share effect. Regardless of the income group, the common pattern is that within-








with similar income levels produce similar products. This suggests that countries are 
more vulnerable to competition from countries with close per capita income levels. 
 
This paper finds the parameters governing own-price elasticities also differ across income 
groups. The results show that the middle-income group has the smallest own-price 
coefficient while the low-income group has the largest.  
 
Overall, the findings in this paper can be applied to policy studies on the trade diversion 
effect of RTA and FTA where cross-price elasticties are crucial for making an assessment. 
Those estimates have important implications for policy questions like RTA/FTA’s 
welfare impact on both insiders and outsiders and RTA/FTA outsiders’ reaction to trade 









Table 1.1: Per Capita GDP Descriptive Statistics by Income Groups 
Real Per Capita GDP in US dollars 
  
Low Middle High 
1991 
Mean 3312.48 7703.54 21337.76 
Median 2923.46 6747.55 22891.66 
1999 
Mean 3797.51 10746.82 27502.72 
Median 3380.54 9512.222 28804.2 
2006 
Mean 4853.53 13771.56 31373.7 
Median 5973.49 12573.26 31048.1 
No. of countries  97 32 28 
Note: income groups are identified year by year so that the mean and median per-capita GDP for each 






Table 1.2: The Relationship between Income Levels and Product Prices 
 HS6 HS10 
VARIABLES logp logp 
   
Low -0.300*** -0.578*** 
 (0.00431) (0.00417) 
Middle -0.193*** -0.350*** 
 (0.00458) (0.00447) 
High 0.0357*** 0.0466*** 
 (0.00408) (0.00395) 
FE: product YES YES 
Observations 1,324,879 2,879,435 
R-squared 0.025 0.043 
            Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
             The dependent variables are log unit values and the independent variables are dummy variables  
             for each income group. Product fixed effects are included at HS six-digit product level for  










Table 1.3: Test of Exclusion Restriction of Instruments 
 (1) (2) (3) (4) 
VARIABLES logf logf logf logf 
     
q -6.95e-08*** -3.10e-09 -7.00e-08*** -4.43e-09 
 (6.39e-09) (5.85e-09) (6.35e-09) (5.85e-09) 
Log(p_oil)   0.0332*** 0.0406*** 
   (0.0017) (0.0013) 
Constant -1.263*** -1.342*** -1.338*** -1.36*** 
 (0.000697) (0.0112) (0.0057) (0.004) 
     
FE: HS10*EXPORTER No Yes No Yes 
Observations 1,478,824 1,478,824 1,478,824 1,478,824 
Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 The dependent variable of this 
regression is log freight rate. The independent variables are import quantities and the logarithm of the crude 
oil price. The quantities are measured at levels not the logarithm because the left hand side variable of the 
Trans-log regression is in levels. A shock in the error term would affect the level of quantities. However, 
unit values in the Trans-log regression are measured in logarithm thus the corresponding instrument 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
































































   
   
   
   
   
   
   
   




































Table 1.6: Summary of Differentiated SITC 4-digit Code by Industry 
Industry No. of differentiated SITC4 Total No. of SITC4 
Chemical 29 63 
Electronics 30 30 
Manufacturing food 16 35 
Leather and Fur 10 12 
Machinery  37 37 
Metal 16 23 
Mineral 3 22 
Rubber and Plastic 14 21 
Stone and Glass 19 20 
Textile and Apparel 37 61 
Wood 9 23 
other 56 116 
Note: this table reports the number of differentiated SITC product codes within each industry. 
































Table 1.7: Equivalent Percentage Change in Cross-prices as 1% Change in Own-prices 
Panel A: Single Country 
  %∆𝑃!"# %∆𝑃!"##$% %∆𝑃!!"! 
Low income Median 13.79 38.34 37.46 
 1 percentile 0.79 2.33 2.22 
Middle income Median 17.29 3.37 18.73 
 1 percentile 0.69 0.13 0.62 
High income Median 44.54 46.85 19.31 
 1 percentile 1.76 1.72 0.76 
	  
Panel B: Country Group 
  %∆𝑃!"# %∆𝑃!"##$% %∆𝑃!!"! 
Low income Median 0.32 5.98 1.24 
 Mean 1.30 24.78 2.87 
Middle income Median 0.69 0.80 0.74 
 Mean 3.31 3.82 2.43 
High income Median 1.08 5.28 0.49 













                       Note: Upper panel of this figure shows the distribution of own-price elasticties  
                       and the lower panel shows the distribution of parameter estimates governing  
                       own price elasticties. All outliers are excluded. 
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 Note: this figure shows the market share distribution for each income group. Market share         
distributions plotted here are mean market shares over the years for any given country’s export 
of a product. 
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 Note: this figure compares parameters determining within group cross-price effects  
                for low, middle and high Income groups.  
 
 

























































   
   
   
   

















































   
   
   
   
   













































   
   
   
   
   
   
   
   
   
   
   
   
   





















































































































































































































































   
   
   
























































   
   
   















































































CHAPTER 2.  CHINA AND THE NORTH: COMPETITION OR SYMBIOSIS 
2.1 Introduction 
The market share of Chinese exports in the U.S. rose from 3 percent to 17.5 percent from 
1990 to 2007. The surge in the Chinese exports created unprecedented competition and 
opportunities for the other exporters. On the one hand, many countries worry that the 
growth of China would crowd-out competing exporters in the global market. On the other 
hand, in a symbiotic global market, every country in the market relies on specialized 
inputs sourced from the globe (Hummels et. al (2001) and Koopman (2012)). This 
suggests potential gains for other nations from remarkable growth in Chinese exports. To 
answer the question in regard to whether the growth of China is a blessing or a curse, we 
have to gauge the above two effects. The literature focuses on the competition side of the 
story, while in this paper, I explore the benefits that Chinese growth may have exerted on 
other countries, particularly on developed nations, due to global sourcing in production. 
 
With some exceptions, early studies support concerns over Chinese export growth. For 
example, Baumann and Mauro (2007) find that China may have been a prominent reason 
for the fall in the Eurozone’s export market share in the European market. Similarly, 





 the U.S. have been negatively impacted. Contrary to the preceding, Schott (2007) 
identifies that the key in analyzing this question is to investigate the substitutability 
between Chinese products and those from developed countries. Schott (2007) argues that 
in spite of great overlap in the product mix between exports from China and the 
developed countries, China produces lower quality versions of the same product. 
Consequently, China does not directly compete with developed countries.  
 
This paper builds on Schott (2007) and aims at estimating degrees of product 
substitutability between China and high-income countries. To be more specific, I 
examine whether Chinese products are substitutes or complements to those of developed 
countries and how degrees of substitutability and complementarity evolve over time. 
Piecing these parts together informs us not only about the aggregate impact of China on 
developed countries’ exports, but also the changes of the impact over time. 
 
The paper contributes the literature in two ways. To my best knowledge, previous studies 
only provide qualitative predictions when it comes to China’s future impact on other 
countries. Fan et. al. (2014),1 Pula and Santabarbara (2011) suggest that since China has 
been upgrading its product quality overtime, China would threaten the shares of the EU 
countries in the world market. By estimating the import demand equation, this paper 
yields cross-price elasticity estimates that can be employed to quantify the magnitude of 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1  Fan et. al. (2014) suggests that after China joins WTO, it has better access to higher quality of inputs 
which enables China to produce higher quality products. The focus of this paper is not to explain the reason 





China’s impact, in addition to providing a qualitative description on the direction of the 
impact. 
 
Second, this paper highlights the role of product complementarity in analyzing the policy 
question of China’s impact on the global market. Note that all of the previous studies 
view products from different sources as substitutes, a situation in which whenever one 
country gains, some other country must lose. I challenge this view by allowing product 
complementarity in the estimation of demand. Suppose a U.S. oil drilling company 
imports tool joints of field machinery from South Korea and imports drill pipes from 
China. The inputs are used as complements in oil production. A drop in the prices of drill 
pipes from China is favorable to Korean tool joint exporters. A lower Chinese pipe price 
results in the expansion of production, which in turn leads to an increase in the import 
demand of tool joints from Korea. In this case, the impact of China is in the opposite 
direction of the common wisdom in the literature. This will lead to completely different 
policy implications. 
 
The primary interest of this paper lies in identifying the patterns of 
substitutability/complementarity between China and high-income countries, which is 
motivated by the fact that Chinese and high-income nations’ product mix became very 
similar from 1990 to 2007. For this purpose, I estimate a trans-log demand system 
following Chapter 1. The demand equation is estimated by classifying countries into four 
groups: China, high-income, middle-income and low-income. One unique feature of this 





classification that identifies the use of every HS 6-digit product code in the destination 
country. The details on the end-use allow me to consider the possibility of product 
complementarity that is more likely to exist in the imports of intermediates and capital. 
Then I gauge the differences in the estimates of cross-price elasticities for the pre-WTO 
(before 2000) and post-WTO period. The estimation yields the following results. 
 
First, the estimates of substitutability of consumption goods reveal some interesting 
patterns. Due to changes in the product substitutability over time, the cross-price 
elasticities between China and high-income countries jump by 1.98% points on average. 
For all 2-digit sectors, 64% of the estimates governing cross-price elasticities increase in 
the post-WTO period. Among all the consumption goods, apparel and footwear sectors 
are of particular interests due to their significance in Chinese exports during the time span 
covered in this paper. The estimates for knitted and non-knitted apparel after WTO 
accession are 7 to 11 times higher than the estimates in the earlier period. However, it is 
surprising to see that for footwear, the estimate drops from 0.078 to -0.0086, indicating 
less substitutability. The changes in the elasticities imply that the shocks to the prices of 
Chinese consumption goods would generate a larger impact on developed nations post-
WTO with some exceptions due to the patterns in the footwear section. The increase in 
the impact ranges from 0.1 percentage point for the United Kingdom to 23.5 percentage 
point for Iceland. 
 
Second, estimates for intermediates and capital tell a very different story. Though we do 





products display reductions in product substitutability or shifts from substituting to 
complementing the high-income nations’ products, possibly due to global sourcing. 
Consequently, for almost all the developed countries, the decreases in Chinese export 
prices imply gains instead of losses for other countries in the later period. 
 
Finally, when we delve into China’s impact on total exports of developed countries, the 
results show that the concern over the intensified competition with the emergence of 
China is alleviated by the existence of product complementarity. China’s growth will 
exert a smaller adverse impact on all the developed nations for post-WTO period, despite 
the increased substitutability of consumption goods. 
 
2.2 Stylized Facts 
Following Schott (2007), this section documents the patterns of Chinese export growth 
compared to the OECD countries for pre- and post-WTO periods using the U.S. import 
data from 1990-2007. This provides motivation for the empirical work in this paper. 
Moreover, I bring in new evidence on China’s exports, breaking down its growth by the 
end-use of its exported products. This directs us to a new aspect of the question about 






2.2.1 Increase in the Product Sophistication of China 
Since 1990, Chinese exports have become much more similar to those produced by the 
OECD countries plus Taiwan and Korea (these countries are listed in footnote 7). 2 The 
data shows that, in 2007, out of 4,585 six-digit HS products exported by the non-U.S. 
OECD countries, 4,040 products are exported by China. Schott (2007) developed a way 
to calculate Export Similarity Index (ESI) between an OECD country 𝑑 and China (𝑐) in 
year 𝑡. Here, I update this index with more recent six-digit product level U.S. import data. 
That is: 
𝐸𝑆𝐼!"# = min  (𝑠!"# , 𝑠!"#)
!
 
in which 𝑝  denotes product and 𝑠!"#  is the value share of country 𝑑 ’s exports in 
manufacturing product 𝑝  in year 𝑡. The index is distributed between 0 and 1 where 1 
indicates that two countries share an identical export composition. Figure 2.1 displays a 
box-and-whisker plot of China’s ESI with the non-U.S. OECD countries in year 1990, 
2000 and 2007. The box for each year spans the inter-quartile range of the data, while 
lines within the boxes record the median observations in each year. Circles above the 
whiskers represent individual observations. The key observation is that China’s export 
product-mix overlap with the OECD countries is generally increasing with time. The 
same pattern has been found in Schott (2007) using data from 1972 to 2001. Most of the 
growth in product overlap took place in the 90s, while after China joined the WTO the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Taiwan and Korea are included as OECD countries since their per capita GDP has reached the level of 
developed countries after 2000. In addition, they are most important exporters of electronics product, in 
which China has shown tremendous growth from 1990-2007. Thus it would be interesting to see China’s 





growth became less significant. On the other hand, Figure 2.2 shows that China’s 
product-mix similarity with other low-income countries decreased over time.  
 
From 1990 through 2007, the four most important exporting sectors for China are apparel, 
footwear, electronics and machinery. China’s market shares in those sectors increased 
dramatically, especially after 2000, as shown in Figure 2.4. Take a closer look at the 
source of increase in the ESI. Table 2.1 shows that China’s ESI with Japan and Denmark 
increased more than the other OECD countries. Two parts of the evidence from Table 2.2 
and Figure 2.3 explain the reason. First, China has shifted its export focus away from 
labor-intensive sectors (apparel and footwear). At the same time, exports of capital-
intensive sectors (machinery and electronics) grow tremendously from 1990 to 2007, as 
shown in Figure 2.3. The share of machinery sector in China’s total export increases from 
3% to 21% and the share of electronics sector rises from 12% to 23%. Second, the two 
sectors in which Chinese exports grow most are exact ones Japan and Denmark specialize 
in (see Table 2.2).  
 
One thing worth noting is that most of the growth comes from intensive margin during 
the years covered in this paper.  In particular, in the first period (1990-2000), 98% (99%) 
of the total growth in the machinery (electronics) industry comes from intensive margin. 
Similarly in the second period (2001-2007), 95% (98%) of the growth can be attributed to 
the intensive margin for machinery (electronics) industry. As a result, the following 
empirical work focuses on product substitutability for narrowly defined products that 





As in Schott (2007), I show in Figure 2.4 that Chinese export overlap with the OECD has 
increased far more than for other similar low-income3 trading partners of the U.S. This is 
referred as China's excess similarity in Schott (2007).  
 
The above evidence motivates the question that whether China creates more competition 
for the developed countries. This is relevant for all of the developed countries that have a 
comparative advantage in capital-intensive goods, particularly for Japan and Denmark 
that specialize in both electronics and machinery in which China has made tremendous 
gains in terms of market shares. 
 
2.2.2 Export Unit Value of China 
In an attempt to answer this question, Schott (2007) looks at the unit values of the 
Chinese exports vis-à-vis the OECD exports. Schott argues that China does not directly 
compete with the OECD countries for the reason that China produces low quality 
versions of the same product comparing to developed countries, as China sells for a 
discount persistently through time. The data in this paper confirms lower unit values of 
Chinese exports.4 However, Schott’s argument builds on the assumption that prices and 
unit values reflect quality. There are other factors determining prices such as input costs 
and markups. Without further evidence, we may not want to jump to the conclusion that  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Those are countries with per-capita GDP greater than $3700 but less than $6300. In other words, those 
countries are low-income countries defined in Chapter 1 section 2 with a per-capita GDP greater than 
China. The reason to look at these countries is that based on trade theory, we would expect these countries 
to have a product mix more similar to the OECD countries than China. 





“Made in China” implies low quality. In fact, Fan et. al. (2014),5 Pula and Santabarbara 
(2011) both suggest that China has been upgrading its product quality over years, which 
is in stark contrast to Schott (2007). To better assess the potential competition from China, 
I built on Chapter 1’s estimation framework to estimate product substitutability of 
Chinese products vis-à-vis the developed countries’ products. In contrast to the literature 
on the impact of Chinese export growth, this paper intends to examine the magnitude of 
China’s impact, beyond a qualitative statement. This is the first contribution of the paper. 
 
2.2.3 Chinese Exports by End-use 
The empirical trade literature studies product substitutability intensively, while largely 
ignoring product complementarity of imports when dealing with product level data. The 
production of Tesla electric vehicles suggests that product complementarity deserves 
closer examination. According to the annual report of Tesla, “Model S contains numerous 
purchased parts which we source globally from over 200 direct suppliers, the vast 
majority of whom are currently single source suppliers for these components”. In this 
case, it is reasonable to consider that imported intermediates from various sources are 
very likely to be complements instead of substitutes in production. In general, input 
factors’ complementarity can appear among broadly or narrowly defined products. The 
focus of this paper is the latter. To be more specific, I look at the complementarity among 
subcategories of a given HS 6-digit product code.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5  Fan et. al. (2014) suggests that after China joins the WTO, it has better access to higher quality of inputs 
which enables China to produce higher quality products. The focus of this paper is not to explain the reason 
for China’s quality upgrading nor to show the existence of quality upgrading but to quantity China’s impact 





Thus, I merge the six-digit HS product level U.S. import data with the BEC 
correspondence of six-digit products to use categories distinguishing ‘intermediate 
consumption’, ‘final consumption’, and ‘capital goods’. This way every HS 6-digit 
product code is identified as having one unique end-use. I look at the composition of 
Chinese exports by end-use utilizing six HS 2-digit product categories that cover the 
apparel, footwear, machinery, and electronics industries. These sectors constitute most of 
Chinese exports. The data reveals that nearly 100% of the Chinese apparel and footwear 
imported by U.S. consumers are consumed as final consumption. On the other hand, 58% 
and 32% of imported machinery from China are used as capital and intermediate goods. 
We may suspect that the machinery from China and other exporting countries to be 
complements in production according to Tesla’s statement. Looking at the electronics 
sector, the products are mostly absorbed as consumption and capital goods. The 
occurrence of the latter indicates the potential existence of product complementarity as 
well.  
 
The importance of differentiating imports by end-use is to incorporate the possibility of 
product complementarity. In regard to the China’s impact on the developed countries, it 
is reasonable to consider the tension between the effects coming from product 
substitutability and complementarity. A simple example illustrates this tension. 21% of 
the Japanese machinery exports that enter the U.S. market are primarily used as capital. 
Suppose Chinese and Japanese machinery capital are complements in the U.S. production. 
That would mean lower Chinese prices across sectors might be beneficial for Japan since 





product substitution. In the following section, I estimate the patterns of substitutability 
between China and developed countries for three different end-use categories separately, 
and explore how end-use composition might lead to new interesting policy implications. 
This is the second contribution of the paper. 
 
2.3 Estimation Framework 
I employ a trans-log demand function. The estimation follows section 2 of Chapter 1 with 
moderate modifications. I classify countries into four groups: China, low-income, 
middle-income and high-income (please see the details in Chapter 1 for income group 
classifications). High-income countries in this paper include Taiwan, Korea and the 
original OECD countries.6 The estimation equation is: 
𝑆!"! = 𝛽!! +
𝛾!! log𝑝!"! + 𝛾!" log 𝑝!"! + 𝑙,      𝑖 ∈ 𝐿
𝛾!! log𝑝!"! + 𝛾!" log 𝑝!"! +𝑚, 𝑖 ∈ 𝑀
𝛾!! log𝑝!"! + 𝛾!" log 𝑝!"! + ℎ , 𝑖 ∈ 𝐻
 
in which  




+ 𝛾!"! 𝑤! log𝑝!!!   
!∈!
        𝑚 = 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!!! 𝑤! log𝑝!"!
!∈!,!!!
+ 𝛾!"! 𝑤! log𝑝!!!
!∈!
ℎ = 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!!! 𝑤! log𝑝!!!
!∈!,!!!
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6  High-income countries are Australia, Austria, Canada, Denmark, Germany, Finland, France, Greece, 
Iceland, Ireland, Italy, Japan, Korea, the Netherlands, New Zealand, Norway, Portugal, Singapore, Spain, 





Here, 𝑘, 𝑖 and 𝑡 denote the HS 6-digit product code, country, and time respectively. The 
dependent variable is the market share of country  𝑖 in the U.S. imports of product 𝑘. In 
this estimation equation, I estimate 9 cross-price elasticity parameters. Let 𝑔  and 
𝑔!denote country groups which could be low-income (𝐿), middle-income (𝑀), or high-
income (𝐻). 𝛾!" then governs the substitutability between a variety of the HS-6 product 
𝑘 from China and a variety of the same product 𝑘 from a country in group 𝑔.   𝛾! informs 
us the own price elasticity of a country in group 𝑔. As in Chapter 1, 𝛾!!! governs the 
substitutability between a country in group 𝑔 and another country in group 𝑔′. Among all 
of the parameters, 𝛾!" is of particular interest to this paper.7 
 
The parameter estimates from the estimation govern the patterns of substitutability or 
complementarity within a HS 6-digit product code, across different import sources. Thus, 
one caveat of this paper is that I am not able to characterize the patterns across 6-digit 
product codes due to the problem of the massive number of parameters required. The 
major obstacle for cross-product estimation is that the number of parameters largely 
exceeds the number of observations. When I estimate substitutability within products, the 
problem is solved by grouping elasticities according to country incomes. The solution is 
built on the positive relationship between product quality and income found in previous 
studies. Nevertheless, when we look at the cross-product substitutability, any one 6-digit 
product code can have myriad degrees of substitutability with thousands of other 6-digit 
product codes, each of which requires careful estimation. The lack of information and a 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  





systematic way to group the products 8  prevents me from estimating cross-price 
elasticities across products. 
 
One major contribution of this paper is that I distinguish products within the same sector 
by BEC end-use categories. This differs from previous demand estimations, which 
assume that products of the same narrow categories are substitutes in nature. The more 
disaggregated the data is, the more reasonable it is to believe that products are substitutes. 
However, when the products are defined at a higher level of aggregation, such as the HS 
6-digit level, it is sensible to suspect that some degree of product complementarity arises 
from the imports of intermediates and capital. Therefore, I estimate the above trans-log 
import demand system for each of the end-use categories separately.  
 
Until now, a positive estimate of 𝛾!" would suggest that products are substitutes while a 
negative estimate would imply that products are complements. Nevertheless, it is 
necessary to point out that there exists a different interpretation for a negative 𝛾!". As the 
parameter estimates govern the compensated cross-price elasticities, the existence of 
complementarity could be explained by the income effect and the substitution effect of a 
price change. When the price of a Chinese product drops, the substitution effect predicts 
the decline in other countries’ sales. In the meantime, the income effect predicts the 
opposite. Thus we observe complementarity whenever the substitution effect is smaller 
than the income effect. Only when the indifference curve has the Leontief form (the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 The U.S. input-output indicates that any one 6-digit NACIS industry utilizes inputs more intensively from 
the same industry in production. This reveals that the core components of a product are generally 
concentrated in one industry, which might suggest larger complementarity for products within the same 





products are perfect complements), there is no substitution at all. Therefore, a natural way 
to interpret the negativity in the parameter estimates is to think of it as the lack of 
substitutability among different sources of a narrowly defined HS 6-digit product code. 
This is important for the interpreting later results. 
 
As in Chapter 1, ideally, I would like to estimate the demand system for every 6-digit 
product code. However, for many 6-digit product codes, there are very few observations, 
which prohibits us from getting accurate estimates. As a result, the estimations are 
realized by pooling HS 6-digit product codes within the same 2-digit HS sector and the 
same end-use category. The underlying assumption with the pooling is that the patterns of 
substitutability for the pooled 6-digit product codes are similar. We may suspect some of 
the 6-digit product codes to show patterns of substitutability and some to exhibit patterns 
of complementarity within the same HS2 sector. Estimating the demand system 
separately by end-use eases the concern as we expect more disparities in the patterns of 
substitutability across end-uses. However, the problem could still remain. Nonetheless, 
since we can consider the complementarity as lack of substitutability, the pooled 
estimates offer the average degrees of substitutability within a HS 2-digit sector. If global 
sourcing is prevalent, complementarity is more likely to appear in goods used in 
production. Therefore, I conjecture, on average, more negative estimates of 𝛾!"for capital 






All of the prices are instrumented with country by product level transportation costs (see 
details in Chapter 1). 9 
 
The analysis is conducted for two different time periods separately. The first is prior to 
China’s membership in the WTO (pre-WTO period (1990-2000)) and the second is the 
period after China’s membership (post-WTO period (2001-2007)). I look at pre- and 
post-WTO comparisons since we can observe an obvious break in the growth of Chinese 
market shares after China becomes a WTO member in Figure 2.4. The remarkable 
growth of China’s market share after its WTO admittance might be connected to changes 
in product substitutability. Note that I do not try to identify the exact timing of the change 
in product substitutability.10 Instead, my interest lies in the policy implications from the 
comparison of product substitutability between 90s and the more recent years. 
 














, 𝑖 ∈ 𝐻
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 The symmetry restriction of the demand holds automatically in the estimation equation. Since the left 
hand side variable is market share in the U.S., the equation regarding one country’s market share in the 
demand system is determined by all the other countries’ market share. Therefore, I drop China from the 
system when regressions are conducted. 
10 In fact, I estimate the demand in a rolling manner for every span of 6 years and obtain the rolling 
parameter estimates. The results indicate a continuous progression in the Chinese product substitutability 





Notice that both market shares and the parameter 𝛾!" have impacts on the elasticities. As 
discussed in Chapter 1, the shares reflect the role of the market size in determining cross-
price elasticities. If China has a dominant share in the U.S. market, a drop in the Chinese 
price would exert a larger impact on other countries. Meanwhile, if a developed country 
has the controlling market share, it would be less sensitive to Chinese price changes when 
the product substitutability remains constant. Due to the fact that the Chinese market 
shares grow over time, we would expect that the elasticities become larger in magnitude 
when the estimates of product substitutability ( 𝛾!" ) maintain at the 90s level. 
Nevertheless, whenever the degree of product substitutability or complementarity (𝛾!") 
adjusts, elasticities change accordingly. 
 
2.4 Results 
2.4.1 Degree of Product Substitutability and Complementarity 
Figure 2.6 and Figure 2.7 report the distribution of estimated 𝛾!"!  for the pre- and post-
WTO regime. The figures convey several messages. First, it is noteworthy that 27% of 
the estimates for consumption are negative. The negative estimates imply a lack of 
substitutability for those consumption goods. Here, I provide some evidence to support 
this idea. The negativity of estimates appears mainly in the manufacturing food sector. 
72% of the estimates in this sector are negative, as tastes for foods from different 
countries are unique and productions is highly dependent on the exporters’ local 
preferences. There might be other reasons for a lack of substitutability. One reason would 





calculate the differentials between the unit values of the HS 10-digit product that China 
specializes in11 and the unit value of the 10-digit product that a developed country 
specializes in. A simple regression12 shows that on average, price differentials are larger 
for the HS 6-digit products that exhibit negative parameter estimates. This provides some 
supporting evidence that large quality differences could contribute to a small degree of 
substitutability. 
 
Second, I compare the patterns of estimates for consumption and intermediate goods. 
Figure 2.6 shows that for the pre-WTO period, estimates of 𝛾!"!  do not exhibit clear 
differences between intermediate and consumption goods. Specifically, intermediates do 
not show more complementarity than consumption goods. This might due to the fact that 
the U.S. imports of intermediates from China only started to explode after 2000 (see 
Figure 2.8). Second, when we turn our attention to the post-WTO period, the estimates 
show marked difference between patterns of consumption goods and intermediates.13 On 
the one hand, 64% of the HS 2-digit sectors show a decrease in parameters estimates 𝛾!"!  
for consumption goods. Meanwhile for intermediates, 57% of HS 2-digit sectors show an 
increase in estimates, among which 35% shift from being substitutes to being 
complements. The median elasticity estimate for intermediates drops from 0.002 to -
0.041, reflecting a switch from being substitutes to complements for intermediates from 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11 The HS 10-digit product a country specializes in is the HS 10-digit product which has the largest share in 
the country’s export of the corresponding HS 6-digit category. 
12 The regression is log 𝑝!!! − log 𝑝!!! = 𝛼 + 𝛽 ∗ 𝐼(𝛾!"! < 0). 𝑘1 is the 10-digit product China 
specializes in within 6-digit product 𝑘 and 𝑘2 is the 10-digit product that country 𝑖 specializes in. The 
parameter estimates for 𝛽 is 0.143, which is highly significant. 
13  Capital goods are not reported in these figures since capital goods concentrate in the Machinery sector. 
The existence in of capital goods in other sectors is sparse. Therefore, instead of plotting the distribution of 





China and high-income countries. It might be that over the years, more and more Chinese 
intermediate manufacturers have started to meet the American production standard to 
complement inputs from other developed countries. Shifting attention to consumption 
goods, the median estimate for consumption goods increases from 0.0003 to 0.0037. The 
reason for these changes could be quality upgrades to Chinese products, improvement in 
production technology, or changes in the distribution of exports among the HS 6-digit 
products. However, exploring the reasons for these changes post-WTO is beyond the 
scope of this paper. 
 
To facilitate the pre-and post-WTO comparison, I calculate the difference: 𝛾!"! (post-
WTO) −  𝛾!"! (pre-WTO). A positive number indicates that products become more 
substitutable while a negative number means the opposite. As displayed in Figure 2.9, the 
mean and median calculated differences for consumption are 0.0202 and 0.0153 
respectively, both of which are positive. Interestingly, a plot of the distribution for 
𝛾!"! (post-WTO) − 𝛾!"! (pre-WTO) in Figure 2.10 shows that Chinese consumption goods 
become less substitutable with those from developing countries. 59.57% of consumption 
goods show smaller estimates in 𝛾!"!  in the post-WTO period. The results in Table 2.5 
reject the hypothesis of distributional equality between 𝛾!"! (post-WTO) − 𝛾!"! (pre-WTO) 
and 𝛾!"! (post-WTO) −  𝛾!"! (pre-WTO). This evidence further supports the idea that 
Chinese product characteristics have been changing gradually. By comparison, the mean 
and median calculated differences for intermediates are -0.008 and -0.003. To see if the 
distributions of 𝛾!"! (post-WTO) − 𝛾!"! (pre-WTO) are different for consumption and 





whose results are in Table 2.4. The first row tests the hypothesis that the consumption 
goods group contains smaller values than the intermediates group. The largest difference 
between the distribution functions is 0.0779，which is not significant. The second row 
tests the hypothesis that the consumption goods group contains larger values than the 
intermediate goods group. The largest difference is 0.33 which is highly significant. 
Finally, the approximate p-value in the third row for the combined test is 0.005, which 
leads me to reject the hypothesis that the two distributions are equal. The message to take 
away from the results is that despite intensified competition due to increased 
substitutability for many consumption goods, it does not necessarily mean that high-
income countries would be worse off due to China’s emergence. There could exist a 
symbiotic relationship between Chinese and high-income countries’ exporters arising 
from the increased product complementarity due to global sourcing for intermediate 
inputs in production. 
 
 To provide more detail in understanding the progression of product substitutability 
between China and high-income countries, I report the estimates of 𝛾!"!  for the four most 
important sectors: apparel, footwear, machinery and electronics. Several key findings 
stand out. First, as 100% of the apparel products are categorized as consumption goods, 
estimates for knitted (non-knitted) apparel after WTO accession increased from 0.0077 
(0.0067) to 0.056 (0.762). The estimates for these two HS2 sectors in later period are 7 
and 11 times higher than those in the earlier period. Moreover, estimates of 𝛾!"!  for 
consumption of machinery and electronics jump as well. Surprisingly, the table reveals 





the estimates drop from 0.078 to -0.0086. Second, in terms of intermediates, Chinese 
machinery products become more substitutable with high-income countries’ while 
Chinese electronics intermediates shift from being substitutes to complements relative to 
those produced by high-income countries’. Third, the estimate for machinery capital 
reveals tight complementarity and it becomes even stronger in the later period. In 
summary, there exists a general tendency for Chinese consumption goods to become 
closer substitutes to those of high-income countries’. However, China also provides more 
and more complements in intermediate and capital goods over time. 
 
2.4.2 Cross-price Elasticities 
Recall that both market shares and 𝛾!"!  affect the magnitudes of cross-price elasticities 
(CPE).14 We are interested in exploring how the CPEs vary over time. I begin with 
isolating the changes in the elasticities that can be attributed to changes in the patterns of 
substitutability or complementarity, by fixing market shares at the pre-WTO levels. 
Figure 2.11 plots the 𝜖!"! (post-WTO) − 𝜖!"! (pre-WTO) for consumption goods. As 
reported in the figure, on average, a 1% uniform increase in China’s export prices leads 
to bigger decreases in the quantities exported by high-income countries. Again, 
elasticities for intermediates suggest a different pattern. As summarized in Figure 2.12, 
CPEs decline by 0.038 percentage point on average. 15  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14 Elasticities are calculated for every HS 6-gidit product even though 𝛾!"! s are obtained at HS 2-digit level. 
The variation comes from market shares. 
15 For the purpose of plotting, numbers above 90 percentile and below 10 percentile of the elasticity 





Let us revisit Figure 2.11 and 2.12. When market shares are allowed to vary, the patterns 
mentioned above for both consumption goods and intermediates are magnified. The 
average increase in CPEs for consumption goods is 5.75 percentage points compared to 
1.98 percentage points when shares are kept at pre-WTO levels. Similarly, the average 
decrease in CPEs for intermediates is 0.194 percentage points, which is much larger than 
the 0.038 percentage points given fixed shares. This makes perfect sense since CPEs are 
positively related to the Chinese market share for a given product while they are 
negatively correlated with any high-income country’s market share. As China rapidly 
gains in market share, the change in CPEs must be more pronounced compared to the 
case of fixed shares. 
 
2.4.3 Quantity Responses 
Cross-price elasticity estimates enable us to explore the quantity responses of high-
income countries to a 1% change in Chinese export prices. This allows us to answer 
questions related to the impact of China’s emergence on developed countries. To this end, 
I calculate the total quantity responses by end-use as the following: 
𝑄!! = 𝜖!"! ∗
𝐸𝑋!! ∗ 𝐼(𝑘 ∈ 𝑈)
𝐸𝑋!!!∈!!∈!
 
in which 𝑈 = 𝐶𝑂, 𝐼,𝐶𝐴 denotes three end-use categories. 𝐶𝑂 denotes consumption, 𝐼 is 





 is the share of product 𝑘  in the total 





product in country  𝑖’s total exports. 𝑄!! is essentially the weighted average of cross-price 
elasticities for end-use 𝑈. The movements in 𝑄!! can be attributed to changes in product 





). Thus, I compute 












   in the pre-WTO period to compute 𝑄!! in both periods. Second, I 





  in each period to compute 𝑄!! . Only 
results obtained from the first method are reported since it isolates the quantity responses 
generated by changes in product substitutability while the second method offers the total 
responses due to changes in substitutability and product composition of exports. The 
second method offers similar results so the results are omitted, but are available upon 
request.  
 
Figure 2.13 through Figure 2.15 summarize the high-income countries’ quantity 
responses to a 1% increase in Chinese export prices for consumption, intermediate and 
capital goods respectively. Based on the previous pre- and post-WTO comparisons on 
cross-price elasticities, we would expect that for consumption goods: (1) the increase in 
the Chinese prices would lead to the rise in the aggregate quantities sold by the 
competing high-income countries; (2) The quantity responses should be larger in the 
post-WTO period. From Figure 2.13, we observe that for most countries, responses are 
consistent with the first conjecture except for Australia, Ireland, the Netherlands and 





For half of the countries, positive shocks to Chinese prices generate smaller quantity 
responses in the competing countries. The reason is mainly due to the fact that the nature 
of Chinese footwear exports turn from substitutes into complements vis-à-vis those 
produced by high-income countries.  
 
Figure 2.14 illustrates the quantity responses for intermediate goods. There are several 
interesting observations. First, in the pre-WTO period, the aggregated responses for 
intermediates are positive almost everywhere. Moving to the post-WTO period, we see a 
completely different pattern, which implies that Chinese intermediates shifted from being 
substitutes to being complements of those produced by developed countries’. When the 
increases in Chinese prices raise unit production costs, the importation of intermediate 
goods from other developed countries declines accordingly. 
 
In regard to exports of capital, Figure 2.15 shows that U.S. firms deal with the increase in 
production costs due to higher Chinese prices by cutting back production and imports 
from all developed nations. Unlike consumption goods, higher Chinese capital prices hurt 
the export of capital goods in developed nations. However, under the opposite scenario 
when Chinese prices drop, developed countries gain instead of lose. This effect is even 
more pronounced in the post-WTO period.  
 
The shares of intermediate and capital exports for those developed countries are far from 
negligible. Figure 2.16 indicates that exports in intermediates for developed countries are 





exports of capital goods are at least equally important as exports of consumption goods. 
For these reasons, the existence of intermediate and capital goods alleviate the concern of 
developed countries concerning adverse impacts from China’s emergence as shown in 
Figure 2.18. For all of the countries examined, China’s negative impacts on developed 
countries are significantly reduced by these goods.  
 
2.5 Conclusion 
This paper highlights the importance of product complementarity when it comes to the 
importation of intermediate and capital goods. The policy implication is that it is 
necessary to weigh the effects of welfare losses from increases in within-product 
competition and the welfare gains from greater product complementarity due to global 
sourcing.  
 
However, the product complementarity studied in this paper is within HS 6 digit products. 
Future research may explore product complementarity across products which will lead to 




Table 2.1: China’s ESI with the OECD Countries 
  1990   2000   2007 
Taiwan 0.389 Taiwan 0.376 Taiwan 0.431 
Korea 0.326 Korea 0.299 Korea 0.293 
Italy 0.182 Japan 0.254 Italy 0.251 
United Kingdom 0.179 Italy 0.243 Japan 0.228 
Portugal  0.149 Spain 0.208 Denmark 0.19 
Spain 0.125 United Kingdom 0.200 Germany 0.184 
Canada 0.116 Denmark 0.181 Spain 0.172 
Japan 0.112 Canada 0.153 Canada 0.169 
Note: 𝐸𝑆𝐼!"# = min 𝑠!"# , 𝑠!"#! , in which 𝑐 is China, 𝑝 is product, 𝑑 denotes an OECD country and 𝑡 is 
time. 𝐸𝑆𝐼!"# = 0 if countries 𝑐 and 𝑑 have no products in common in year 𝑡 and 𝐸𝑆𝐼!"# = 1  if their exports 





















Table 2.2: Sector Share in the Total Export for OECD Countries 
  Machine  Electronics Apparel Footwear 
Australia  0.064 0.026 0.002 0.001 
	  
6 10 14 15 
Austria 0.172 0.069 0.002 0.002 
	  
2 7 13 14 
Canada 0.073 0.035 0.004 0 
	  
5 9 14 16 
Switzerland 0.141 0.069 0.007 0.001 
	  
3 4 12 15 
Germany 0.211 0.072 0.001 0.001 
	  
2 5 15 16 
Denmark 0.163 0.229 0.003 0.001 
	  
4 2 14 16 
Spain 0.083 0.107 0.005 0.021 
	  
4 3 16 13 
Finland 0.141 0.091 0.000 0.000 
	  
3 5 15 16 
UK 0.146 0.056 0.003 0.001 
	  
2 6 14 16 
Greece 0.006 0.033 0.005 0.000 
	  
12 7 13 16 
Ireland 0.054 0.025 0.0004 0.000 
	  
3 4 14 15 
Italy 0.206 0.038 0.050 0.036 
	  
1 10 9 11 
Japan 0.212 0.152 0.001 0.000 
	  
2 3 14 15 
Korea 0.175 0.280 0.015 0.002 
	  
3 1 10 15 
Netherland 0.182 0.032 0.0005 0.0001 
	  
3 8 15 16 
Norway 0.054 0.046 0.001 0.000 
	  
5 6 14 16 
Taiwan 0.172 0.405 0.026 0.005 
 	   2 1 7 14 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Note: The first row for every country shows the share of the given sector in the countries 






Table 2.3: Estimates of Product Substitutability (𝜸𝑪𝑯𝒌 ) for Major Sectors 




Not Knitted Footwear Machinery Electronics 
Consumption 1990-2000 0.0077 0.0067 0.0780 0.0208 -0.0763 
 
2001-2007 0.0560 0.0762 -0.0086 0.1515 0.0121 
   
     Intermediates 1990-2000 .. .. .. 0.0063 0.0143 
 
2001-2007 .. .. .. 0.0151 -0.0039 
   
     Capital 1990-2000 .. .. .. -0.0017 0.0021 







Table 2.4: Equality-of-distributions Test for Changes in 𝜸𝑪𝑯𝒌 for Consumption and 
Intermediate Goods 
Smaller Group D P-value Corrected 
Consumption: 0.0779 0.718 
  Intermediates: -0.3319 0.002 
  Combined K-S: 0.3319 0.005 0.003 
              Note: This table shows the Kolmogorov-Smirnov test results of the equality of  
              distributions between the change in parameter estimates for consumption goods  







Table 2.5: Equality-of-distributions Test for Changes in 𝜸𝑪𝑳𝒌  and 𝜸𝑪𝑯𝒌  (Consumption Goods) 
Smaller group D P-value Corrected 
Low-income 0.2553 0.047 
  High-income -0.0213 0.979 
  Combined K-S: 0.2553 0.093 0.063 
                    Note: This table shows the Kolmogorov-Smirnov test results of the equality of  
                    distributions between the post-WTO changes in parameter estimates of 	  𝛾!"! 	  and	  𝛾!"! 	  
                    for consumption goods 	  


















                           Note: Low-income countries here are countries with per-capita GDP greater  
                           than $3700 but less than $6300. In other words, those countries are low-income 
                           countries with a per-capita GDP greater than China. 
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  Note: A negative parameter estimate suggests product complementarity.  
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  Note: A negative parameter estimate suggests product complementarity.  
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year
The U.S. Import of Intermediates from China
Median: 0.0037 (Consumption) 
              -0.0041 (Intermediates) 
Mean:    0.0151 (Consumption) 





	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Note: This figure plots 𝛾!"! 𝑝𝑜𝑠𝑡 −𝑊𝑇𝑂 − 𝛾!"! 𝑝𝑟𝑒 −𝑊𝑇𝑂 . A negative number 
                       indicates products become more substitutable, and a positive numbers suggests less 
                       substitutability. 
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                       Note: This figure plots 𝜖!" 𝑝𝑜𝑠𝑡 −𝑊𝑇𝑂 − 𝜖!" 𝑝𝑟𝑒 −𝑊𝑇𝑂 . Elasticities above 
                       90 percentile or below 10 percentile of the distribution are dropped. Elasticities above 
                       30 are converted to 30 for the purpose of plotting. 
 
 




                       Note: This figure plots 𝜖!" 𝑝𝑜𝑠𝑡 −𝑊𝑇𝑂 − 𝜖!" 𝑝𝑟𝑒 −𝑊𝑇𝑂 . Elasticities above 
                       90 percentile or below 10 percentile of the distribution are dropped.  
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                       Note: This figure plots the total quantity response in consumption goods which  












  is the share of product 𝑘  
                     in the total export of end-use 𝐶𝑂 (consumption) for country 𝑖. 𝜖!"!  is the cross-price 
                     elasticity between China and high-income country for product  𝑘. 
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                     Note: This figure plots the total quantity response in consumption goods which  












  is the share of product 𝑘  
                     in the total export of end-use 𝐼 (intermediates) for country 𝑖. 𝜖!"!  is the cross-price 
                     elasticity between China and high-income country for product  𝑘. 
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                     Note: This figure plots the total quantity response in consumption goods which  












  is the share of product 𝑘  
                     in the total export of end-use 𝐶𝐴 (capital) for country 𝑖. 𝜖!"!  is the cross-price 
                     elasticity between China and high-income country for product  𝑘. 
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Appendix A Complementary Tables and Figures 





Albania Chad Ghana Lebanon Pakistan Tanzania 
Angola China Grenada Lesotho Paraguay Thailand 
Armenia Colombia Guatemala Liberia Peru Togo 
Azerbaijan Comoros Guinea Macedonia Philippines Tunisia 
Bangladesh Congo (Brazzaville) Guinea-Bissau Madagascar Republic of Yemen Turkmenistan 
Belize Congo (Kinshasa) Honduras Malawi Rwanda Uganda 
Benin Djibouti India Maldives Sao Tome and Principe Ukraine 
Bhutan Dominican Republic Indonesia Mali Senegal Uzbekistan 
Bolivia Ecuador Iran Mauritania Sierra Leone Venezuela 
Bosnia-Hercegovina Egypt Iraq Moldova South Africa Vietnam 
Brazil El Salvador Ivory Coast Mongolia Sri Lanka Zambia 
Burkina Equatorial Guinea Jamaica Morocco St Lucia Zimbabwe 
Burundi Ethiopia Jordan Mozambique St Vincent & the Grenadines  
Cambodia Fiji Kazakhstan Namibia Suriname  
Cameroon Gabon Kenya Nepal Swaziland  
Cape Verde Gambia Kyrgyzstan Niger Syria  
Central African Republic Georgia Laos Nigeria Tajikistan  
      
 
Middle Income 
Antigua and Barbuda Botswana Czech Republic Malaysia Russia Turkey 
Argentina Bulgaria Dominica Mauritius Saudi Arabia Uruguay 
Bahamas Chile Estonia Mexico Slovakia  
Bahrain Costa Rica Hungary Oman Slovenia  
Barbados Croatia Latvia Panama St Kitts and Nevis  
Belarus Cyprus Lithuania Poland Trinidad and Tobago  
      
 
High Income 
Australia Germany Iceland Korea, South Norway Switzerland 
Austria Finland Ireland Macao Portugal Taiwan 
Bermuda France Israel Malta Singapore United Kingdom 
Canada Greece Italy Netherlands Spain  





Table A.2: List of HS 2-digit Products 




39 Plastics and articles thereof 58 Special woven fabrics  78 Lead and articles thereof 
4 Dairy produce;  22 Beverages, spirits and vinegar. 40 
Rubber and articles 
thereof 59 
Impregnated textile 
fabrics. 79 Zinc and articles thereof. 
5 Products of animal origin. 23 
Residues and waste 
from the food 
industries 
41 Raw hides. 60 Knitted or crocheted fabrics. 80 Tin and articles thereof. 
6 Live trees and other plants 24 Tobacco 42 Articles of leather  61 
Articles of apparel and 
clothing accessories, 
knitted  
81 Other base metals 
7 Edible vegetables  25 Salt;  43 Fur-skins and artificial fur. 62 
Articles of apparel and 
clothing accessories, 
not knitted  
82 Tools, implements, cutlery, spoons and forks. 
8 Edible fruit and nuts 26 Ores, slag and ash. 44 Wood and articles of wood 63 
Other made up textile 
articles 83 
Miscellaneous articles of 
base metal. 
9 Coffee, tea, mate and spices. 27 Mineral fuels 45 
Cork and articles of 
cork. 64 
Footwear, gaiters and 
the like 84 
Nuclear reactors, boilers, 
machinery and mechanical 
appliances. 
10 Cereals. 28 Inorganic chemicals 47 Pulp of wood. 65 
Headgear and parts 
thereof 85 Electrical machinery  




umbrellas 87 Vehicles other than railway 
12 Oil seeds and oleaginous fruits 30 
Pharmaceutical 
products. 49 Printed books 68 Articles of stone, plaste. 88 
Aircraft, spacecraft, and 
parts thereof. 
13 Lac; gums, resins  31 Fertilizers. 50 Silk. 69 Ceramic products. 89 Ships, boats and floating structures. 
14 Vegetable plaiting materials 32 
Tanning or dyeing 
extracts 51 
Wool, fine or coarse 
animal hair;  70 Glass and glassware. 90 Optical, photographic,  
15 Animal or vegetable fats 33 
Essential oils and 
resinoids 52 Cotton, 71 
Natural or cultured 
pearls 91 
Clocks and watches and 
parts thereof. 
16 Preparations of meat 34 Soap 53 Other vegetable textile fibers 72 Iron and steel. 92 
Musical instruments; parts 
and accessories of such 
articles. 
17 Sugars. 35 Albuminoidal substances 54 Man-made filaments. 73 Articles of iron or steel. 93 
Arms and ammunition; 
parts and accessories 
thereof. 
18 Cocoa 36 Explosives. 55 Man-made staple fibers. 74 
Copper and articles 
thereof 94 
Furniture; bedding, 
mattresses, and similar 
stuffed furnishings. 
19 Preparations of cereals, flour  37 
cinematographic 
goods. 56 
Wadding, felt and 
nonwovens  75 
Nickel and articles 
thereof. 95 
Toys, games and sports 
requisites. 
20 Preparations of vegetables  38 
Miscellaneous 
chemical products. 57 Carpets. 76 















































































































































































































































































































































































































































































































Table A.4: F-statistics of Coefficient Equality Tests 
   
  F-Stat 
Industry HS2 LL=LM LL=LH MM=LM MM=MH HH=LH HH=MH 
Animal and animal products 
2 52.72 34.58 0.09 0.02 1.96 17.88 
3 12.54 15.31 12.28 11.67 1.61 1.19 
4 1.45 0.06 0.72 0.75 0.3 1.22 
5 2.27 1.39 4.75 4.85 16.42 22.07 
Vegetable products 
6 8.03 8.47 0.16 0.09 14.01 8.85 
7 2.27 5.12 1.74 1.89 16.74 16.84 
8 0.19 0.85 6.82 4.39 0.18 0.38 
9 1.21 0.03 4.37 5.42 5.82 14.09 
10 6.88 4.6 0 0.19 4.08 8.1 
11 2.47 2 1.73 0.81 13.41 5.48 
12 0.05 6.76 0.03 1.1 34.95 11.36 
13 1 0.13 1.74 8.62 3.65 2.99 
14 1.48 1.77 8.89 16.44 0.722 0.38 
15 0.06 3.56 0.32 0.02 2.69 1.34 
Foodstuff 
16 0.46 0.02 0.91 0.04 0.05 1.88 
17 1.75 0.43 3.43 2.37 1.27 2.12 
18 0.06 0.16 0.64 0.3 0.59 0.37 
19 2.09 0.19 3.02 6.64 0.34 0.22 
20 1.92 3.59 0 0.02 2.43 1.85 
21 0 2.48 0.05 0.03 0.05 0.29 
22 0.02 0.15 0.1 0.15 0.75 0.15 
23 2.21 2.72 7.81 3.68 0.35 0.02 
24 1.35 0.8 0.04 0 0.07 0.06 
Mineral products 
25 1.85 0.99 0.98 0.05 4.48 0.75 
26 6.12 1.66 9.78 3.68 0 2.48 
27 0.08 0.71 15.65 24.36 0.71 0.45 
Chemicals and Allied 
Industries 
28 2.17 1.66 14.51 13.09 40.26 35.62 
29 0.56 2.12 11.84 12.49 88.36 36.77 
30 2.92 20.63 2.52 1.53 1.04 5.08 
31 0.55 0.02 0.57 0.01 0.19 0.12 
32 1.88 0.69 7.75 6.4 2.13 4.57 
33 5.57 2.98 11.35 4.73 22.06 18.1 
34 4.28 11.01 2.57 0.91 3.51 10.03 
35 0 0.19 0.86 3.41 4.96 5.65 
36 1 0.73 0.06 0.25 0.69 0.02 
37 32.17 41.66 25.21 26.7 16.15 8.64 
38 0.31 2.19 0.2 0.21 10.75 4.3 
Plastic and rubbers 
39 29.57 34.12 8.17 8.28 37.47 41.49 
40 0.71 1.21 5.57 8.13 10.32 9.46 
Raw hides, skins, leather and 
furs 
42 6.95 8.85 18.57 19.21 31.54 39.05 
43 0.64 0.37 0.02 0.85 6.12 9.69 
Wood and wood products 
44 0.09 1.13 5.93 9.9 0.12 7.82 
47 0.2 1.58 2.33 0.01 0.15 0 
48 0.31 0.61 34.11 32.22 49.76 29.58 






Table A.4 Continued 
 
	  	   F-Stat 
Industry HS2 LL=LM LL=LH MM=LM MM=MH HH=LH HH=MH 
Textiles 
50 0.1 2.7 4.87 12.24 0.01 5.35 
51 15.93 35.96 0.03 0.29 37.34 15.76 
52 63.5 286.69 42.61 62.32 251.98 101.7 
53 24.97 25.6 9.91 7.99 7.08 10.91 
54 1.73 2.41 43.83 42.53 73.35 45.56 
55 26.88 39.94 0.13 1.73 22.82 104.59 
56 0.35 0.23 6.77 8.73 15.67 8.2 
57 0.69 9.07 8.23 9.07 51.6 34.25 
58 24.37 28.42 12.41 10.63 72.87 41.98 
59 2.71 5.08 12.9 12.53 23.47 21.6 
60 25.2 19.19 7.23 6.05 10.56 1.12 
Apparel 
61 100 74.5 92.28 70.69 46 31.7 
62 117.41 94.08 25.31 23.98 134.15 168.34 
63 18.68 22.69 5.08 5.75 37.98 43.01 
Footwear 64 17.3 13.03 17.44 17.35 50.35 71.73 
Headgear and others 
65 9.14 4.44 5.07 4.79 3.43 13.14 
66 0.46 0.68 2.14 2.24 4.43 0.25 
Stone and Glass 
68 0.28 0.4 0.36 0.06 2.63 8.02 
69 3.65 18.29 3.27 1.73 34.93 17.45 
70 21.95 29.4 4.66 4.52 15.32 7.78 
71 4.67 2.71 2.35 2.34 1.17 2.55 
Metals 
72 11.19 10.76 2.2 3.51 4.22 8.35 
73 0.66 3.7 28.18 34.51 15.85 20.29 
74 3.97 0.96 18.3 17.69 37.51 118.48 
75 0.34 10.88 0.65 2.16 11.76 0.58 
76 5.92 7.31 35.2 40.51 56.12 35.1 
78 7.53 5.1 0.04 4.14 0.17 0.16 
79 1.85 5.2 1.24 1.18 0.62 1.94 
80 0.01 0.01 0 0 10.59 7.45 
81 2.5 0.17 65.97 88.16 19.57 14.52 
82 7.42 5.42 5.38 4.94 2.18 3.23 
83 0.22 1.09 24.83 28.24 12.7 50.84 
Machinery 84 72.3 55.93 2.41 1.31 23.5 1.81 
Electronics 85 262.4 247.23 90.32 79.61 108.4 147.05 
Transportation 
87 0.34 0.71 7.64 9.75 3.64 7.87 
88 0.05 2.33 9.21 1.68 0 0.09 
89 4.71 5.96 1.42 1.09 4.88 1.96 
Miscellaneous 
90 1.15 1.27 6.96 8.66 34.83 26.79 
91 32.87 53.4 0.16 0.73 22.04 29.56 
92 14.41 17.36 20.75 37.07 3.15 0.97 
93 5.6 28.2 35.41 102.87 11.67 2.13 
94 8.72 35 8.25 10.68 29.18 17.21 
95 2.48 12.07 0.55 0.19 1.61 18.6 


























































   



















































   


















































   




























































































Appendix B Choice of Weighting Scheme 
In order to estimate the trans-log demand system, I need to construct price indices for 
different income groups. There are two weighting algorithms that can be used to 





 at the 
base year, 1990; (2) the import market share of the exporter amongst countries in the 





 at the base year. Here I illustrate that the second weight is 
troublesome in terms of the interpretation of parameter estimates. 
 










 and 𝐼𝑀!!! = 𝑡𝑜𝑡!!  
Suppose that all of the products are equally substitutable. Using 𝑤! we estimate the 
translog demand system as follows: 
𝑠!"! = 𝛽!! +
𝛾!! log𝑝!"! + 𝑙,      𝑓𝑜𝑟    𝑖 ∈ 𝐿
𝛾!! log𝑝!"! +𝑚  𝑓𝑜𝑟    𝑖 ∈ 𝑀
𝛾!! log𝑝!"! + ℎ, 𝑓𝑜𝑟  𝑖 ∈ 𝐻
 
in which  




+ 𝛾!"! 𝑤! log𝑝!!!
!∈!
,      𝑖 ∈ 𝐿
𝑚 = 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!!! 𝑤! log𝑝!"!
!∈!,!!!
+ 𝛾!"! 𝑤! log𝑝!!! ,
!∈!
  𝑖 ∈ 𝑀
ℎ = 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!"! 𝑤! log𝑝!"!
!∈!
+ 𝛾!!! 𝑤! log𝑝!!!
!∈!,!!!
, 𝑖 ∈ 𝐻
 
















,                                              𝑓𝑜𝑟  𝑖 ∈ 𝐿 












  ,                                                𝑓𝑜𝑟  𝑖 ∈ 𝑀   












,                        𝑓𝑜𝑟  𝑖 ∈ 𝐻 
Thus the estimated coefficient of the cross price effect within low-income group is 
𝛾!! 𝐼𝑀!!! /𝑡𝑜𝑡!!∈!  when 𝑤! is used, which depends not only on the true parameter 𝛾!! 
but also the total import share from low-income group 𝐼𝑀!!!!∈! /𝑡𝑜𝑡!. As a result, we 
would misinterpret a large coefficient as indicative of a large degree of substitutability 




Appendix C Thresholds of Country Groups 
This part illustrates the method used to classify countries into Low-, Middle- and High-
income groups. Since a country’s per-capita GDP changes every year, the thresholds for 
each income group is redefined every year because otherwise it is very likely that a rich 
country will be classified as middle income in the early 1990s. Although countries’ 
income levels change over time, I assign each country to only one group due to the fact 
that regression coefficients are restricted to be the same within income groups and are 
time invariant. Thus, a country is assigned to a group if it belongs to that group for most 
of the analysis timeframe. 
 
The thresholds are chosen as follows:  
𝑝𝑐𝑔𝑑𝑝!"#,! + 𝑖 ∗ (
𝑝𝑐𝑔𝑑𝑝!"#,! − 𝑝𝑐𝑔𝑑𝑝!"#,!
5 )   
For each year 𝑡, the equation defines the upper threshold for the low and middle-income 
countries when 𝑖 = 1 and 𝑖 = 3, respectively. The rest of the countries are classified as 
belonging to the high-income group. The thresholds are chosen to reflect differences in 




Appendix D First Stage Regression Specification 
This part shows the details about the model’s first-stage specification. Let 𝑦!"!  be one of 
the following variables, 3 own-prices (𝑝!   ,   𝑝!  and𝑝!)  and 6 cross-price indices 
(𝑃!! ,𝑃!" ,𝑃!" ,𝑃!! ,𝑃!"   and 𝑃!!). The first stage regression is:  
𝑦!"! = 𝛼!! + 𝐼 𝑔 = 𝐿 ∗ 
𝜇! log 𝑓!"! + 𝜇!!𝑤! log 𝑓!"!
!∈!,!!!
+ 𝜇!" 𝑤!log 𝑓!"!
!∈!
+ 𝜇!"𝑤! log 𝑓!!!
!∈!
 
+𝐼 𝑔 = 𝑀 ∗ 
𝜇! log 𝑓!"! + 𝜇!"𝑤! log 𝑓!"!
!∈!
+ 𝜇!!𝑤! log 𝑓!"!
!∈!,!!!
+ 𝜇!"𝑤! log 𝑓!!!
!∈!
 
+𝐼 𝑔 = 𝐻 * 
𝜇! log 𝑓!"! + 𝜇!"𝑤! log 𝑓!"!
!∈!
+ 𝜇!"𝑤! log 𝑓!"!
!∈!
+ 𝜇!!𝑤! log 𝑓!!!
!∈!,!!!
 





! . For the first stage of own prices, this regression is equivalent to running the 
following three regressions separately:  
𝑦!"! = 𝛼!! + 𝜇! log 𝑓!"! + 𝜇!!𝑤! log 𝑓!"!
!∈!,!!!
+ 𝜇!" 𝑤!log 𝑓!"!
!∈!
+ 𝜇!"𝑤! log 𝑓!!!
!∈!
 




𝑦!"! = 𝛼!! + 𝜇! log 𝑓!"! + 𝜇!"𝑤! log 𝑓!"!
!∈!
+ 𝜇!!𝑤! log 𝑓!"!
!∈!,!!!
+ 𝜇!!𝑤! log 𝑓!!!
!∈!
 
when exporter is a middle income country, and 
𝑦!"! = 𝛼!! + 𝜇! log 𝑓!"! + 𝜇!"𝑤! log 𝑓!"!
!∈!
+ 𝜇!"𝑤! log 𝑓!"!
!∈!
+ 𝜇!!𝑤! log 𝑓!!!
!∈!,!!!
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